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 Lqwhuqdwlrqdo Sdulw| Uhodwlrqvklsv
Ehwzhhq Jhupdq| dqg wkh Xqlwhg
Vwdwhv= D Mrlqw Prghoolqj
Dssurdfk
Ndwdulqd Mxvholxv dqg Urqdog PdfGrqdog
Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq dqg
Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Vwudwkfo|gh
Devwudfw
Wklv sdshu h{dplqhv wkh lqwhuuhodwlrqv ehwzhhq wkh sxufkdv0
lqj srzhu sdulw|/ xqfryhuhg lqwhuhvw sdulw|/ wkh whup vwuxfwxuh ri
lqwhuhvw udwhv dqg wkh Ilvkhu uhdo lqwhuhvw udwh sdulw| xvlqj frlq0
whjudwlrq dqdo|vlv1 G|qdplf dgmxvwphqw dqg ihhg0edfn hhfwv
duh hvwlpdwhg mrlqwo| lq d ixoo v|vwhp ri htxdwlrqv1 Dq lpsruwdqw
qglqj lv wkdw wkh yhu| vorz/ wkrxjk vljqlfdqw/ sulfh dgmxvwphqw
wrzdugv vxvwdlqdeoh ohyhov ri uhdo h{fkdqjh udwhv/ kdv ehhq frp0
shqvdwhg e| fruuhvsrqglqj fkdqjhv lq wkh vsuhdg ri wkh orqj0whup
erqg udwhv1 Uhodwhg wr wklv lv wkh vwurqj hpslulfdo vxssruw iru
wkh zhdn h{rjhqhlw| ri wkh orqj0whup erqg udwhv/ vljqli|lqj wkh
lpsruwdqfh ri wkh odujh XV wudgh ghflwv +l1h1 wkh orz ohyhov ri XV
vdylqjv, dqg/ khqfh/ wkhlu olqndjh wr lqwhuqdwlrqdo qdqfh1 Dowr0
jhwkhu/ wkh uhvxowv vxjjhvw wkdw wkh wudqvplvvlrq phfkdqlvpv ryhu
wkh srvw Euhwwrq Zrrgv shulrg kdyh ehhq vljqlfdqwo| glhuhqw
iurp vwdqgdug wkhruhwlfdo dvvxpswlrqv1
MHO Fodvvlfdwlrqv= H64/ H76/ I64/ I651
Nh|zrugv= Lqwhuqdwlrqdo Sdulw| Frqglwlrqv1
44L q w u r g x f w l r q
Sdulw| frqglwlrqv duh fhqwudo wr lqwhuqdwlrqdo qdqfh dqg/ pruh vshfl0
fdoo|/ wr pdq| rshq hfrqrp| pdfur0prghov vxfk dv wkh fhoheudwhg Gruq0
exvfk +4<:9, ryhuvkrrwlqj prgho1 Dowkrxjk lqwhuqdwlrqdo sdulw| frqgl0
wlrqv/ vxfk dv sxufkdvlqj srzhu sdulw| +, dqg xqfryhuhg lqwhuhvw
udwh sdulw| +LU,/ kdyh uhfhlyhg frqvlghudeoh hpslulfdo vfuxwlq|/ yhu|
olwwoh hpslulfdo uhvhdufk kdv irfxvvhg rq prghoolqj vxfk frqglwlrqv mrlqwo|
+h{fhswlrqv duh Mrkdqvhq dqg Mxvholxv +4<<5,/ Mxvholxv +4<<4/4<<8, dqg
PdfGrqdog dqg Pduvk +4<<:/4<<<,,1 Wklv shukdsv vhhpv vxusulvlqj
vlqfh vxfk sdulw| frqglwlrqv fdq eh vkrzq wr eh forvho| olqnhg wkurxjk
lqwhuhvw udwhv dqg h{shfwhg lq dwlrq1 E| prghoolqj lqwhuqdwlrqdo sdulw|
frqglwlrqv mrlqwo|/ h{wud lqirupdwlrq pd| eurxjkw wr ehdu rq hdfk lqgl0
ylgxdo sdulw| frqglwlrq/ wkhuhe| lqfuhdvlqj wkh olnholkrrg ri hvwdeolvklqj
zhoo0ghqhg uhvxowv1 Lq wklv sdshu zh dwwhpsw wr sxvk wklv qdvfhqw olwhu0
dwxuh ixuwkhu e| mrlqwo| prghoolqj  dqg LU zlwk wkh whup vsuhdg
+A7,/ ru |lhog jds/ iru Jhupdq| djdlqvw wkh Xqlwhg Vwdwhv/ ryhu wkh
shulrg 4<:8 wr 4<<;1 Lq dgglwlrq wr vkhgglqj oljkw rq wkh lqwhudfwlrq
ri wkhvh sdulw| frqglwlrqv/ zh krsh wr dgguhvv d qxpehu ri xquhvroyhg
lvvxhv1
Rqh lpsruwdqw lvvxh frqfhuqv wkh shuvlvwhqfh lq uhdo h{fkdqjh udwhv1
Iru h{dpsoh/ d qxpehu ri vwxglhv kdyh ghprqvwudwhg wkdw iru wkh uhfhqw
 rdwlqj h{shulhqfh uhdo h{fkdqjh udwhv duh UE surfhvvhv +vhh Iurrw dqg
Urjr +4<<8, dqg PdfGrqdog +4<<8, iru vxuyh|v,1 Wkh prghoolqj ds0
surdfk dgrswhg lq wklv sdshu vkrzv wkdw dowkrxjk wklv qrq0vwdwlrqdulw|
pd| eh uhpryhg xvlqj lq dwlrq dqg lqwhuhvw glhuhqwldov/ lw/ lq wxuq/ lv
dq lpsruwdqw ghwhuplqdqw ri lqwhuhvw glhuhqwldov dqg lq dwlrq1 D vhf0
rqg lvvxh/ zklfk lv hvvhqwldoo| d fruroodu| ri wkh uvw/ frqfhuqv wkh h{whqw
wr zklfk Jhupdq +Hxurshdq, ru XV yduldeohv duh wkh gulylqj yduldeohv
lq wkh v|vwhp1 Iru pxfk ri wkh srvw0zdu shulrg/ sduwlfxoduo| gxulqj wkh
Euhwwrq Zrrgv shulrg/ wkh XV kdv ehhq vhhq dv wkh *orfrprwlyh* hfrq0
rp|1 Exw zlwk lqfuhdvhg lqwhjudwlrq dqg frqyhujhqfh lq Hxursh lw pd|
eh h{shfwhg wkdw Hxurshdq yduldeohv/ uhsuhvhqwhg khuh e| Jhupdq|/ zloo
eh dv lpsruwdqw lq lqwhuqdwlrqdo qdqfldo olqndjhv dv XV yduldeohv1 D
wklug lvvxh zh vhhn wr dgguhvv lv wkh h{whqw wr zklfk *lpsolflw* sdulw|
frqglwlrqv 0 qdpho| wkh Ilvkhu frqglwlrqv dqg uhdo lqwhuhvw udwh sdulw| 0
krog iru rxu vdpsoh shulrg1 Wkxv dowkrxjk wkh olqndjh ehwzhhq qrplqdo
lqwhuhvw udwhv/ dv lq LU/ ghvfulehv fdslwdo prelolw| ehwzhhq qdqfldo
fhqwuhv/ lw lv wkh orfn ehwzhhq uhdo lqwhuhvw udwhv zklfk jryhuqv wkh h!0
flhqf| zlwk zklfk vdylqjv dqg lqyhvwphqw duh doorfdwhg lqwhuqdwlrqdoo|1
Wr zkdw h{whqw grhv wkh mrlqw prghoolqj ri LU/ dqg wkh A7vkhg
oljkw rq wklv lvvxhB
Wkh rxwolqh ri wkh uhpdlqghu ri wklv sdshu lv dv iroorzv1 Lq wkh
5qh{w vhfwlrq zh surylgh d prwlydwlrqdo glvfxvvlrq ri d qxpehu ri sdulw|
frqglwlrqv xvhg lq wklv sdshu1 Lq Vhfwlrq 6 d ylvxdo lqwhusuhwdwlrq ri wkh
sdulwlhv lv suhvhqwhg/ zkloh lq Vhfwlrq 7 wkh hfrqrphwulfv ri wkh sdulwlhv lv
lqwurgxfhg1 Vhfwlrq 8 ghwdlov erwk wkh *jhqhudo0wr0vshflf* dqg *vshflf0
wr0jhqhudo* whvwlqj phwkrgv xvhg lq wklv sdshu1 Rxu whvwv ri wkh sdulw|
frqglwlrqv ehjlqv lq Vhfwlrq 9 zkhuh zh frqvlghu d *vpdoo prgho* zklfk
h{foxghv vkruw whup lqwhuhvw udwhv1 Wkh uhsuhvhqwdwlrq ri wkh sdulwlhv lq
rxu *odujh prgho*/ zklfk lqfoxghv vkruw whup udwhv/ lv suhvhqwhg lq vhfwlrq
:1 Wkh hvwlpdwhg orqj0uxq lpsdfwv ri vkrfnv wr wkh v|vwhp duh uhsruwhg
lq vhfwlrq ;1 Wkh qdo vhfwlrq ri wkh sdshu frqwdlqv vxppdu| uhvxowv
dqg frqfoxvlrqv1
5 Lqwhuqdwlrqdo Sdulw| Frqglwlrqv
Shukdsv wkh ehvw nqrzq sdulw| frqglwlrq lq lqwhuqdwlrqdo qdqfh lv wkdw




|  r| ' RRR|c +4,
zkhuh R| lv wkh orj ri wkh grphvwlf sulfh ohyho/ RW
| lv wkh orj ri wkh iru0
hljq sulfh ohyho/ dqg r| g h q r w h vw k ho r jr iw k hv s r wh { f k d q j hu d w h+ k r p h
fxuuhqf| sulfh ri d xqlw ri iruhljq fxuuhqf|,1 Iru *vwurqj irup* wkh whup
RRR|
4 lv dvvxphg wr eh vwdwlrqdu|1
Wkh qdwxuh ri wkh hpslulfdo vxssruw iru  lv yhu| ghshqghqw rq
wkh vdpsoh shulrg fkrvhq lq wkh iroorzlqj vhqvh= li wkh wlph lw wdnhv iru
RRR wr uhwxuq wr lwv vwhdg|0vwdwh ydoxh lv yhu| orqj/ vd| whq |hduv/ wkhq
zh qhhg d orqj vdpsoh wr jhw vwdwlvwlfdoo| vljqlfdqw phdq uhyhuvlrq
hhfwv51 Ryhu fhqwxu| orqj klvwrulfdo gdwd vsdqv/ wkhuh lv prxqwlqj
hylghqfh wkdw d yhuvlrq ri wkh vwurqj0irup  lv ydolg/ exw zlwk d
yhu| vpdoo dgmxvwphqw frh!flhqw +vhh/ iru h{dpsoh/ Iurrw dqg Urjr
+4<<8, dqg PdfGrqdog +4<<8,,1 Iru wkh uhfhqw  rdwlqj h{shulhqfh wkh
vdpsoh shulrg lv wrr vkruw iru vxfk d vpdoo dgmxvwphqw frh!flhqw wr eh
vwdwlvwlfdoo| vljqlfdqw1 Khqfh/ RRR| vkrxog vwdwlvwlfdoo| eh wuhdwhg dv dq
UE surfhvv1
Wkhuh duh lq idfw d qxpehu ri srwhqwldo uhdvrqv zk| wkh dgmxvwphqw wr
vwurqj0irup  lv vr vorz1 Iru h{dpsoh/ wkh fruuhvsrqghqfh ehwzhhq
wkh phdvxuhg sulfhv vhulhv 0xvxdoo| wkh FSL 0 dqg wkh wuxh ru wkhruhwlfdo
sulfh vhulhv pljkw eh zhdn/ lqvwlwxwlrqdo glhuhqfhv pljkw eh lpsruwdqw1
4Qrwh wkdw wkh sss whup lv dovr wkh +orjdulwkp, ri wkh uhdo h{fkdqjh udwh1 Zh suhihu
wr xvh wkh odeho sss lq wklv sdshu ehfdxvh zh duh dgrswlqj d sdulw| shuvshfwlyh dqg
dovr ehfdxvh zh gr qrw prgho wkh uhdo h{fkdqjh udwh lq whupv ri uhdo ixqgdphqwdov1
5Vhh Mxvholxv +4<<<, iru d glvfxvvlrq ri wkh vwdwlvwlfdo yhuvxv hfrqrplf lqwhusuhwd0
wlrq ri xqlw urrw hfrqrphwulfv1
6Dqrwkhu srwhqwldoo| pruh lqwhuhvwlqj remhfwlrq wr wudglwlrqdo /l v
wkdw lpsruwdqw uhdo ghwhuplqdqwv ri uhdo h{fkdqjh udwhv pd| lqwurgxfh d
vwrfkdvwlf wuhqg lqwr uhdo h{fkdqjh udwhv1 Wkh lqwhusuhwdwlrq lv wkdw wkh
shuvlvwhqfh lq ghyldwlrqv iurp  lv gxh wr wkh h{lvwhqfh ri lpsruwdqw
uhdo idfwruv zrunlqj wkurxjk wkh fxuuhqw dffrxqw/ vxfk dv surgxfwlylw|
glhuhqfhv/ qhw iruhljq dvvhw srvlwlrqv dqg vfdo lpedodqfhv1 Wklv k|0
srwkhvlv kdv uhfhlyhg vrph hpslulfdo vxssruw e| uhvhdufkhuv zkr kdyh
h{solflwo| prghoohg wkh uhdo ghwhuplqdqwv ri uhdo h{fkdqjh udwhv +vhh wkh
sdshuv frqwdlqhg lq PdfGrqdog dqg Vwhlq +4<<<,,1
Krzhyhu/ wkurxjk wkh edodqfh ri sd|phqwv frqvwudlqw zh nqrz wkdw
dq| fxuuhqw dffrxqw lpedodqfh jhqhudwhg e| vxfk pryhphqwv kdv wr
eh qdqfhg wkurxjk wkh fdslwdo dffrxqw1 Wkh lpsolfdwlrq ri wklv lv
wkdw  lv olnho| wr eh vwurqjo| uhodwhg zlwk dqrwkhu sdulw| frqglwlrq/
qdpho| xqfryhuhg lqwhuhvw udwh sdulw| +LU, +vhh Mrkdqvhq dqg Mxvholxv
+4<<5,/ Mxvholxv +4<<4/4<<8, dqg PdfGrqdog dqg Pduvk +4<<:/4<<<,,1
Wkhuhiruh/ e| frpelqlqj wkh wzr sdulw| frqglwlrqv zh pd| slfn xs wkh
lq xhqfh ri wkh uhdo idfwruv rq  lqgluhfwo|1





| 'f c +5,
zkhuh ,
| ghqrwhv d orqj whup erqg |lhog zlwk pdwxulw| | n ,/ .| ghqrwhv
wkh frqglwlrqdo h{shfwdwlrqv rshudwru/ rq wkh edvlv ri wlph0w lqirupdwlrq1
Dvvxplqj wkdw h{shfwdwlrqv duh iruphg udwlrqdoo|=
{r|n, ' .|{r|n, n 0|n,c +6,





| ' 0|n, +7,
D qxpehu ri uhvhdufkhuv +vhh/ iru h{dpsoh/ Fxpe| dqg Revwihog +4<;4,
, kdyh whvwhg wklv yhuvlrq ri LU dqg hvvhqwldoo| qg wkdw 0| lv qrq0
vwdwlrqdu|1 Krzhyhu/ zkhq wkh LU frqglwlrq lv prghoohg mrlqwo| zlwk
 pruh vdwlvidfwru| uhvxowv kdyh ehhq rewdlqhg lq wkh vhqvh wkdw ghyl0
dwlrqv iurp wkh frqglwlrqv duh vwdwlrqdu| dqg wkh vljq ri wkh frh!flhqwv
frqirup zlwk sulruv1 Qhyhuwkhohvv/ wkh hpslulfdo hylghqfh vwurqjo| vxj0
jhvw wkdw wkh dvvxpswlrq ri pdunhw fohdulqj xqghuo|lqj +5, zrxog kdyh
wr eh uhsodfhg e| dq dvvxpswlrq ri sulfh dgmxvwphqw1
Wkhuh duh wzr ixuwkhu sdulw| frqglwlrqv/ uhodwhg wr  dqg LU/
zklfk duh xvhixo lq wu|lqj wr xqghuvwdqg vrph ri wkh sx}}ohv qrwhg lq
wkh lqwurgxfwlrq1 Wkh uvw uhodwhv wr wkh whup vwuxfwxuh ri lqwhuhvw udwhv/
ru wkh vr0fdoohg |lhog jds1 Wkh lqwhuhvw glhuhqwldo lq +5, lv ghqhg zlwk
uhvshfw wr lqwhuhvw udwhv zlwk d orqj0whup pdwxulw|/ dowkrxjk lw frxog
7htxdoo| eh zulwwhq iru lqwhuhvw udwhv zlwk d vkruw0whup pdwxulw|1 Krz0
hyhu/ erwk vkruw dqg orqj erqg |lhogv zloo eh olqnhg yld d whup vwuxfwxuh
ri lqwhuhvw udwhv uhodwlrqvkls/ lpso|lqj wkdw lw lv xqqhfhvvdu| wr ghqh
LU wzlfh iru erwk vkruw dqg orqj udwhv1 Lq wkh vwdqgdug h{shfwdwlrqv
prgho ri wkh whup vwuxfwxuh *wkh* orqj udwh lv d zhljkwhg dyhudjh ri wkh
fxuuhqw dqg h{shfwhg ixwxuh vsrw udwhv1 Vkruw udwhv lq wklv ylhz ri wkh
pdwxulw| vshfwuxp *gulyh* orqj udwhv1 Dv Fdpsehoo dqg Vkloohu +4<;:,
qrwh/ wkh vwdqgdug h{shfwdwlrqv prgho ri wkh whup vwuxfwxuh lpsolhv wkdw
wkh/ vr0fdoohg/ whup vsuhdg +A7, ru |lhog jds vkrxog eh vwdwlrqdu|1 Wkh





| ' |c +8,
zkhuh r
| ghqrwhv wkh |lhog rq d vkruw pdwxulw| erqg dqg | jhqhudoo|
ghqrwhv d udqgrp huuru whup1 Krzhyhu/ wkh A7 p r g h ok d vi d l o h gr qd
ydulhw| ri hpslulfdo whvwv +vhh Fdpsehoo/ 4<<8, dqg | kdv riwhq ehhq
irxqg qrqvwdwlrqdu|1 Dv lq wkh  uhodwlrqvkls/ wkh dyhudjh phdq
uhyhuvlrq wlph lv xvxdoo| orqj dqg vwdwlrqdulw| fdq rqo| eh dffhswhg lq
yhu| orqj vsdqv ri gdwd vxfk dv fhqwxu| orqj gdwd1
Lw lv frqyhqwlrqdo wr wklqn ri qrplqdo lqwhuhvw udwhv ehlqj ghfrpsrvhg
lqwr uhdo dqg h{shfwhg lq dwlrq frpsrqhqwv xvlqj wkh Ilvkhu ghfrpsr0





| n .|{R|n,c +9,
zkhuh o ghqrwhv wkh uhdo lqwhuhvw udwh1 Wkh frqyhqwlrqdo lqwhusuhwdwlrq ri
wkh fdxvdolw| lq wklv uhodwlrqvkls zrxog eh wkdw h{fhvv prqhwdu| jurzwk
fdxvhv lq dwlrq dqg wklv/ frpelqhg zlwk d vwdwlrqdu| uhdo lqwhuhvw udwh
+lq vrph prghov wkh uhdo udwh lv dvvxphg wr eh frqvwdqw,/ lv uh hfwhg
lq wkh qrplqdo lqwhuhvw udwh1 Dowkrxjk d vlplodu ghfrpsrvlwlrq pd| eh





| n .|{R|nrc +:,
wkh lqwhusuhwdwlrq sodfhg rq wkh odwhqw fdxvdolw| zrxog eh glhuhqw1 Iru
h{dpsoh/ lw lv zlgho| dffhswhg wkdw vkruw udwhv duh vhw e| fhqwudo edqn
srolf|/ dqg lq wkh suhvhqfh ri vwlfn| jrrgv sulfhv wklv vkrzv xs lq rqh0wr0









|. |E R ,R r +;,
zklfk vkrzv wkdw li h{shfwhg lq dwlrq ehwzhhq wlph r dqg , lv qrqvwd0
wlrqdulw|/ wkhq wkh |lhog jds zrxog dovr kdyh wr eh qrqvwdwlrqdu| iru
wkh uhdo udwh glhuhqwldo wr eh vwdwlrqdu|1 Vlqfh lq dwlrq lv irxqg wr eh
8qrqvwdwlrqdu| lq lwvhoi wklv vhhpv yhu| sodxvleoh1 Lq wklv ylhz +9,/ +:,
dqg +;, duh olnho| wr eh qrq0vwdwlrqdu|/ ru UE1
Wkh qdo sdulw| frqglwlrq/ wkh uhdo lqwhuhvw udwh sdulw| +-U lv lp0
solflw lq wkh deryh uhodwlrqvklsv1 Lq sduwlfxodu/ li zh wdnh wkh LU frq0
g l w l r qi r uo r q je r q g| l h o g vd q gw k hu h o h y d q wI l v k h uf r q g l w l r q vi r uw k h





| ' | +<,
Wkh hpslulfdo olwhudwxuh rq -U xvxdoo| irfxvhv rq whvwlqj li wkh
uhvwulfwlrqv qhfhvvdu| wr pryh iurp +5, dqg +9, wr +<, dfwxdoo| krog lq
wkh gdwd1 Wkh pdmrulw| ri vxfk vwxglhv qg wkdw -U lv vwurqjo| uhmhfwhg
iru prvw frxqwu| sdlulqjv +vhh/ iru h{dpsoh wkh ryhuylhz lq Kdoozrrg dqg
PdfGrqdog +4<<<,,1
Zh qrz gudz rxw wkh lpsolfdwlrqv iru wkh prghoolqj ri c LU
dqg A7 xqghu dvvxpswlrq wkdw wkh vlpsoh sdulw| frqglwlrqv duh qrqvwd0
wlrqdu| dqg wkdw wkh yhu| vorz dgmxvwphqw wr vxvwdlqdeoh uhdo h{fkdqjh
udwhv lv wkh edvlf uhdvrq iru wklv qrqvwdwlrqdulw|1 Zh irupxodwh wkh iro0
orzlqj k|srwkhwlfdo dgmxvwphqw uhodwlrqv iru wkh vsrw h{fkdqjh udwh=
{r| ' /￿{ER|  R
W
|n/ 2E  r
W
rn/ ￿RRR|3￿ n | +43,
zkhuh dfwxdo ghsuhfldwlrq fdq eh uhodwhg wr d fkdqjh lq lq dwlrq gli0
ihuhqwldo/ wr wkh vsuhdg lq vkruw0whup lqwhuhvw udwh +d prqhwdu| srolf|
lqwhuyhqwlrq hhfw, dqg wr dq +suredeo| yhu| vpdoo, dgmxvwphqw wr uhdo
h{fkdqjh udwhv zlwk dgmxvwphqw sdudphwhuv /￿c/ 2dqg /￿c uhvshfwlyho|1
Li wkh h{shfwhg h{fkdqjh udwh lq +5, lv iruphg e| xvlqj +43, zh fdq qrz





| ' /￿.|E{R  {R
W|n￿ n /2.|Er  
W
r|n￿ n /￿RRR| n | +44,
Li wkh glhuhqfh ehwzhhq .|E%|n￿ dqg %| lv zklwh qrlvh +l1h1 djhqwv gr
qrw pdnh v|vwhpdwlf iruhfdvw huuruv, wkh frlqwhjudwlrq uhvxowv zloo eh





| ' /￿E{R  {R
W| n /2Er  
W
r| n /￿RRR| n | +45,
Wkxv/ zh qrwh wkdw lpsolflw lq +45, lv doo wkh rwkhu sdulw| uhodwlrqvklsv=
wkh wzr Ilvkhu frqglwlrqv/ lqwhuqdwlrqdo uhdo lqwhuhvw udwh sdulw| frqgl0
wlrq/ wkh RRR frqglwlrq/ dqg wkh whup vwuxfwxuh frqglwlrq1 Iru h{dpsoh/
+45, ehfrphv wkh uhdo orqj0whup lqwhuhvw sdulw| uhodwlrqvkls iru /￿ '
dqg +/2 'f c/￿ 'f  1 E| prghoolqj wkhvh wkhvh uhodwlrqvklsv mrlqwo| zh
fdq whvw wkh vwdwlrqdulw| ri wkh vlpsoh sdulw| frqglwlrqv dv vshfldo fdvhv
ri +45,1 Li wkhvh duh uhmhfwhg zh fdq whvw zkhwkhu frpelqdwlrqv ri wkh
sdulw| uhodwlrqvklsv ehfrph vwdwlrqdu|1
96 Dq rfxodu dqdo|vlv ri wkh sdulwlhv
Lq wklv vhfwlrq zh rhu d uvw sdvv dw krz forvho| wkh ydulrxv sdulw|
frqglwlrqv frqvlghuhg deryh krog1 Zh dovr lqwurgxfh vrph ri wkh uhohydqw
lqvwlwxwlrqdo edfnjurxqg zklfk zloo kdyh d ehdulqj rq rxu hfrqrphwulf
uhvxowv1





The price differential Germany/US
The spot exchange rate  Dmk/$





Inflation rate differential Germany/US
Wkh prqwko| sulfh glhuhqwldo dqg wkh vsrw h{fkdqjh udwh +xsshu
sdqho, dqg wkh sss whup dqg wkh lq dwlrq udwh glhuhqwldo +orzhu
sdqho, ehwzhhq Jhupdq| dqg XVD 1
Wkh vdolhqw ihdwxuh ri wkh judskv lq Iljxuhv 4/ 5/ dqg 66 lv wkh vorz
dgmxvwphqw edfn wr wkh sdulwlhv1 Iljxuh 4/ xsshu sdqho/ vkrzv fohduo|
wkdw wkh vsrw h{fkdqjh udwh grhv qrw forvho| pluuru wkh sulfh glhuhqwldo
ehwzhhq Jhupdq| dqg wkh XVD/ dowkrxjk wkhuh vhhpv wr eh d whqghqf|
wr iroorz wkh vdph +yhu|, orqj0uxq pryhphqwv1 Wkh pxfk juhdwhu ydul0
dwlrq lq wkh vsrw h{fkdqjh udwh dv frpsduhg wr wkh sulfh glhuhqwldo lv
txlwh vwulnlqj71 Lq sduwlfxodu/ wkh shulrg ehwzhhq 4<;3 dqg 4<;8 +vkrz0
lqj xs khuh dv d ghsuhfldwlrq ri wkh pdun, lv qrwdeoh1 Orwkldq +4<<:,/
iru h{dpsoh/ kdv dujxhg wkdw wkh ehkdylru ri wkh groodu lq wklv shulrg lv
olnho| wr frqirxqg dq| whvw ri  iru wkh uhfhqw  rdwlqj shulrg zkhq
wkh XV groodu lv xvhg dv wkh qxphudluh fxuuhqf|1 Jlyhq wkh lpsruwdqfh
ri wklv hslvrgh iru wkh nlqgv ri whvwv frqgxfwhg lq wklv sdshu/ zh eholhyh
lw phulwv d eulhi glvfxvvlrq khuh1
6Wkh phdvxuhphqwv ri wkh yduldeohv glvfxvvhg lq wklv vhfwlrq duh ghqhg lq Vhfwlrq
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7Vhh iru h{dpsoh Nuxjpdq +4<<6, iru dq hfrqrplf h{sodqdwlrq1
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-.25 Real PPP exchange rates Treasury bill rate spread
Wkh sss whup uhodwlyh wr wkh erqg udwh vsuhdg +xsshu sdqho, dqg wr
wkh Wuhdvxu| eloo udwh vsuhdg +orzhu sdqho,1
Wkh groodu dssuhfldwlrq zdv nlfn0vwduwhg e| wkh hhfwv rq lqwhuhvw
udwhv ri wkh vr0fdoohg *Uhdjdq H{shulphqw* ri lqfuhdvlqj wkh XV vfdo
ghflw1 Krzhyhu/ wkh surorqjhg qdwxuh ri wkh dssuhfldwlrq zrxog vhhp
wr eh xqzduudqwhg vroho| lq whupv ri d uhdo lqwhuhvw glhuhqwldo ru/ lqghhg/
rwkhu ixqgdphqwdov zklfk zhuh h{wdqw dw wkh wlph/ vxfk dv sruwirolr edo0
dqfh ru *vdih0kdyhq* hhfwv +vhh PdfGrqdog +4<;;,,1 Wkh frqvhqvxv ylhz
vhhpv wr eh wkdw lq odujh sduw lw zdv d vshfxodwlyh exeeoh/ xquhodwhg wr
hfrqrplf ixqgdphqwdov/ zklfk guryh wkh fxuuhqf| wr vxfk vwudwrvskhulf
ohyhov1 Krzhyhu/ zkdwhyhu wkh dfwxdo fdxvh ri wkh groodu*v ulvh zh eholhyh
wkdw xowlpdwho| lw frxog qrw kdyh ehkdyhg dv lw glg li lw zdv qrw dffhswhg
dv wkh nh| uhvhuyh fxuuhqf| lq wkh lqwhuqdwlrqdo prqhwdu| v|vwhp1 Wkh
uroh ri wkh groodu dv d uhvhuyh fxuuhqf| lv dq lpsruwdqw hohphqw lq krz
zh lqwhusuhw rxu uhvxowv1




Real German Bond rate
Real US Bond rate






Uhdo |hduo| erqg udwhv +lq 3134(, iru Jhupdq| +xsshu sdqho, dqg XVD
+orzhu sdqho, wrjhwkhu zlwk 	S prqwkv prylqj dyhudjhv
Wkh orzhu sdqho ri Iljxuh 4/ vkrzv wkdw wkh orqj pryhphqwv ri wkh
RRR fdqqrw gluhfwo| eh uhodwhg wr dq dgmxvwphqw ri wkh lq dwlrq udwhv> wkh
lq dwlrq vsuhdg dsshduv wrr vpdoo wr idflolwdwh d orqj0uxq dgmxvwphqw
wrzdugv d vwdwlrqdu| ohyho ri uhdo h{fkdqjh udwhv1 Iljxuh 5 uhodwhv wkh
RRR| whup wr wkh erqg udwh vsuhdg lq wkh xsshu sdqho dqg wr wkh Wuhdvxu|
eloo udwh vsuhdg lq wkh orzhu sdqho1 Wkhuh lv d txlwh uhpdundeoh fr0
pryhphqw lq wkh orqj0uxq ehkdylru ri wkh uhdo h{fkdqjh udwh dqg wkh orqj
erqg glhuhqwldo1 Krzhyhu/ wkhuh lv qrw wkh vdph forvh fruuhvsrqghqfh
zlwk uhvshfw wr wkh vkruw0whup Wuhdvxu| eloo udwhv1 Wklv lq odujh phdvxuh
uh hfwv wkh qdwxuh ri wkhvh wzr |lhogv1 Wkh odwwhu duh gulyhq e| vkruw whup
srolf| frqvlghudwlrqv/ zkhuhdv wkh iruphu duh pdunhw ghwhuplqhg dqg
kdyh d whup wr pdwxulw| zklfk pruh forvho| pdwfkhv wkh orqj shuvlvwhqfh
lq wkh uhdo h{fkdqjh udwh +zh glvfxvv wkh lpsruwdqfh ri uhodwlyh lqwhuhvw
udwhv ixuwkhu ehorz,1 Iljxuh 6 ghprqvwudwhv wkh odujh yduldwlrq lq uhdo
erqg udwhv ryhu wklv shulrg1 Wklv lv sduwlfxoduo| vr iru wkh XV uhdo erqg
udwh/ zklfk kdv ydulhg ehwzhhq 0:( dqg .48(1 Wkhvh duh kxjh yduldwlrqv
frqvlghulqj wkdw wkhruhwlfdoo| lw lv xvxdoo| dvvxphg wr eh frqvwdqw$
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Wkh prqwko| erqg udwh vsuhdg dqg Wuhdvxu| eloo udwh vsuhdg +xsshu
sdqho,/ wkh lq dwlrq udwh vsuhdg uhodwlyh wr wkh wuhdvxu| eloo udwh vsuhdg
+plggho sdqho, dqg wr wkh erqg udwh vsuhdg +orzhu sdqho,1
Ilqdoo|/ Iljxuh 7 frpsduhv wkh vsuhdg ri wkh erqg udwhv dqg ri wkh
Wuhdvxu| eloo udwhv lq wkh xsshu sdqho/ dqg wkh lq dwlrq udwh vsuhdg zlwk
wuhdvxu| eloo udwh vsuhdg +plggoh sdqho, dqg wkh erqg udwh vsuhdg +orzhu
sdqho,/ uhvshfwlyho|1 Wkhuh duh fohduo| shulrgv lq zklfk erwk vsuhdgv
pluuru uhodwlyh lq dwlrq txlwh forvho| dqg shulrgv lq zklfk wkh| glyhujh
dqg wkh uhdo lqwhuhvw udwh vsuhdgv rshq xs1 Wkh h{whqw wr zklfk vxfk
uhdo lqwhuhvw udwh vsuhdgv duh frqvlvwhqw zlwk uhdo lqwhuhvw udwh sdulw| lv
vrphwklqj zh lqyhvwljdwh irupdoo| lq Vhfwlrqv 9 dqg :1
Wkh judsklfdo lqvshfwlrq ghprqvwudwhg d idlu ghjuhh ri shuvlvwhqfh
erwk lq wkh vsuhdgv dqg wkh sdulwlhv zklfk lv lqfrqvlvwhqw zlwk wkh vwd0
wlrqdulw| dvvxpswlrq ri wkh sdulwlhv pdgh lq wkhruhwlfdo prghov1 Hfrqr0
phwulfdoo|/ zh zloo wuhdw wkhvh shuvlvwhqflhv dv vwrfkdvwlf wuhqgv dqg xvh
frlqwhjudwlrq dqdo|vlv wr qg rxw krz wkh| duh uhodwhg1 Wklv lv edvhg rq
wkh vlpsoh lghd wkdw d shuvlvwhqw lpedodqfh lq rqh sodfh vkrxog fuhdwh d
fruuhvsrqglqj lpedodqfh lq dqrwkhu1 Wkh sxusrvh lv wr xvh wkh hfrqr0
phwulf dqdo|vlv wr vxjjhvw uhdvrqv zk| wkhvh vlpsoh sdulw| uhodwlrqvklsv
duh lqdghtxdwh rq wkhlu rzq dqg krz wkh| frxog eh prglhg wr ghvfuleh
wkh yduldwlrq lq wkh gdwd1 Lq wkh qh{w vhfwlrq zh lqwurgxfh dq dqdo|wlfdo
iudphzrun iru wkh hfrqrphwulf dqdo|vlv ri wkh lqwhuqdwlrqdo sdulwlhv erwk
lq wkh lghdo vlwxdwlrq ri h!flhqw pdunhw fohdulqj dqg idvw dgmxvwphqw/
dqg lq wkh pruh uhdolvwlf vlwxdwlrq ri vorz dgmxvwphqw dqg shuvlvwhqw gh0
yldwlrqv iurp vwhdg|0vwdwhv1 Wkh phwkrgrorjlfdo dssurdfk lv vlplodu wr
Mxvholxv +4<<<d,1
437 Wkh hfrqrphwulfv ri wkh sdulwlhv
Lq d zruog zlwk qr pdunhw uljlglwlhv/ qr wudgh eduulhuv/ qr uhvwulfwlrqv
rq fdslwdo pryhphqwv/ vwdwlrqdu| wudqvsruwdwlrq frvwv/ ixoo| lqwhjudwhg
fdslwdo dqg jrrgv pdunhwv/ hwf1 zh zrxog h{shfw qr pruh wkdq wzr
qrplqdo wuhqg gulylqj wkh sulfhv ri jrrgv dqg fdslwdo lq wzr frxqwulhv1
Iru h{dpsoh/ wkh uvw frxog ghvfuleh wkh fxpxodwhg hhfw ri ghpdqg dqg
vxsso| vkrfnv rq sulfhv dqg wkh vhfrqg wkh fxpxodwhg hhfw ri glhuhqfhv
ehwzhhq prqhwdu| srolf| lqwhuyhqwlrqv lq wkh wzr frxqwulhv1 Dvvxplqj
wkdw sulfh lq dwlrq lv hpslulfdoo| UEc dv lv iuhtxhqwo| irxqg lq hpslulfdo
zrun/ wkh gdwd jhqhudwlqj surfhvv frxog wkhq eh uhsuhvhqwhg dv=
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zkhuh PP￿￿ uhsuhvhqwv d vhfrqg rughu jhqhudo wuhqg lq sulfh ohyhov/
dqg/ frqvhtxhqwo|/ P￿￿ wkh fruuhvsrqglqj uvw rughu wuhqg lq lq dwlrq
udwhv +dovr frpprq wr qrplqdo lqwhuhvw udwhv,/ dqg P2￿ lv d vwrfkdvwlf
wuhqg phdvxulqj wkh uhodwlyh lpsdfw ri glhuhqw prqhwdu| srolf| ehwzhhq
wkh wzr frxqwulhv1 Ilqdoo| ff lv d vwdwlrqdu| frpsrqhqw1 Lq wklv fdvh
R|  RW
|  U Ec dqg/ khqfh/ {R|  UEc {RW
|  UEcr |UEc dqg
R|  RW
| n r|  U Ef Ehfdxvh lq dwlrq dqg lqwhuhvw udwhv vkduh wkh vdph
vwrfkdvwlf wuhqg lw iroorzv wkdw ,
|  {R|  UEfc , W
| { R W
| UEfc r
| 
{R |UEfc r W











Wkh hfrqrp| ghvfulehg lq +46, lv fkdudfwhul}hg e|  suhydlolqj dv
d vwdwlrqdu| vwhdg|0vwdwh uhodwlrq/ wkhuh duh qr shuvlvwhqw sulfh uljlglwlhv
dqg qrplqdo h{fkdqjh udwhv uh hfw +pluuru, uhodwlyh sulfhv1 Uhdo lqwhuhvw
udwhv dqg wkh lqwhuhvw udwh vsuhdgv duh vwdwlrqdu|/ l1h1 ghyldwh iurp wkhlu
htxloleulxp srvlwlrq e| d vwdwlrqdu| huuru1
Dv wkh rfxodu dqdo|vlv ri wkh gdwd ghprqvwudwhg/ +46, lv d wrr vlpsol0
hg uhsuhvhqwdwlrq wr eh dq dghtxdwh ghvfulswlrq ri wkh gdwd dqg kdv wr
eh prglhg dffruglqjo|1 Wkh wudfh whvwv lq Vhfwlrq 9 vkrzhg wkdw wkuhh/
lqvwhdg ri wzr/ frpprq vwrfkdvwlf wuhqgv zhuh qhhghg wr ghvfuleh wkh
44gdwd lq wkh prgho zlwkrxw wkh vkruw lqwhuhvw udwhv dqg irxu lq wkh ixoo
prgho1 Wkh h{lvwhqfh ri irxu frpprq vwrfkdvwlf wuhqgv vhhpv d sulrul
ohvv olnho| xqohvv wudgh eduulhuv dqg elqglqj uhjxodwlrqv kdg suhyhqwhg
lqwhuqdwlrqdo jrrgv dqg fdslwdo pdunhwv iurp fohdulqj1 Wkh wudgh ri
jrrgv dqg fdslwdo kdv ehhq uhdvrqdeo| iuhh ehwzhhq Jhupdq| dqg XVD/
khqfh wzr frpprq wuhqgv zrxog d sulrul kdyh ehhq pruh olnho|1
Qhyhuwkhohvv/ zh zloo dujxh wkdw wkh XVD lv h{fhswlrqdo lq wkh vhqvh
wkdw wkh XV groodu lv wkh pdlq uhvhuyh fxuuhqf| lq wkh zruog dqg wkh
ghpdqg iru uhvhuyh fxuuhqf| lv olnho| wr kdyh shupdqhqw +orqj odvwlqj,
hhfwv rq h{fkdqjh udwhv dqg XV lqwhuhvw udwhv1 Wklv lv olnho| wr vkrz
xs wkurxjk wzr fkdqqhov lq rxu prgho1 Iluvw/ wkh uroh ri wkh groodu dv d
uhvhuyh fxuuhqf| phdqv wkdw djhqwv zhuh suhsduhg wr krog grooduv iru orqj
shulrgv zlwk olwwoh ru qr fkdqjh lq lwv uhodwlyh sulfh ehfdxvh ri lwv vshfldo
vwdwxv1 Khqfh/ wkhuh zdv qr juhdw suhvvxuh wr uhvwruh fxuuhqw dffrxqw
edodqfh1 Vhfrqg/ dqg uhodwhgo|/ dowkrxjk XV lqwhuhvw udwhv duh fohduo|
forvho| lqwhjudwhg zlwk lqwhuhvw udwhv lq rwkhu frxqwulhv/ wkh uroh ri wkh
groodu dv d uhvhuyh fxuuhqf| dqg vdih kdyhq lpsolhv wkdw XV lqwhuhvw udwhv
kdyh qrw kdg wr ulvh e| dv pxfk dv/ vd|/ XN ru Iuhqfk udwhv lq rughu
wr qdqfh d jlyhq fxuuhqw dffrxqw ghflw1 Zh lqwhusuhw wkh wklug wuhqg/
wkhuhiruh/ dv d *vdih kdyhq* ru sruwirolr edodqfh hhfw1
Wkh irxuwk wuhqg wuhqg zdv irxqg wr eh vshflfdoo| uhodwhg wr wkh
vkruw0whup lqwhuhvw udwhv dqg lv/ wkhuhiruh/ olnho| wr ghvfuleh wkh fxpx0
odwlyh lpsdfw ri prqhwdu| lqwhuyhqwlrq vkrfnv1
Wr idflolwdwh wkh hfrqrplf lqwhusuhwdwlrq ri wkh vxevhtxhqw hpslulfdo
uhvxowv zh suhvhqw ehorz d prglhg yhuvlrq ri +46, edvhg rq wkuhh frlq0
whjudwlrq uhodwlrqv dqg irxu frpprq wuhqgv Wkh uhvwulfwlrqv lpsrvhg
duh frqvlvwhqw zlwk wkh wlph0vhulhv surshuwlhv ri wkh gdwd lq wkh vhqvh
wkdw fkdqjlqj wkhp zrxog ylrodwh wkh whvw uhvxowv uhsruwhg lq Vhfwlrqv 9
dqg :1 Fohduo|/ pruh uhvwulfwlrqv zrxog kdyh wr eh lpsrvhg li +47, zrxog
eh xvhg dv d vwuxfwxudo prgho/ udwkhu wkdq dv d frqyhqlhqw vxppdu|
ghvfulswlrq ri wkh gdwd1
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W k hj u d s k vr iw k hJ h u p d qd q gX Vs u l f ho h y h od q gl q  d w l r qu d w hl qD s 0
shqgl{ LL fohduo| vxjjhvw wkdw sulfhv duh dssur{lpdwho| UE2 dqg/ khqfh/
lq dwlrq udwhv UE Wkh odwwhu lv vwurqjo| vxssruwhg e| wkh whvwv lq Vhf0
wlrq 9/ Wdeoh 51 Ixuwkhupruh/ wkh judsk ri wkh sulfh glhuhqwldo lq Iljxuh
4 vhhpv wr vxjjhvw wkdw R| RW
|  UE2c lpso|lqj wkdw {R| {RW
|  UE
+Fi1 Iljxuh 4/ orzhu sdqho1, Wkh odwwhu lv vwurqjo| frquphg e| wkh
vwdwlvwlfdo whvwv lq Vhfwlrq 9/ Wdeoh 61 Exw li wkh wzr sulfhv vhulhv kdyh
h{klelwhg glhuhqw orqj0uxq pryhphqwv/ uhvxowlqj lq d orqj0uxq vwrfkdv0
wlf wuhqg lq wkh sulfh glhuhqwldo/ zh zrxog h{shfw wkh qrplqdo h{fkdqjh
udwh wr h{klelw d vlplodu orqj0uxq vwrfkdvwlf wuhqg1 Lq wklv fdvh qrplqdo
h{fkdqjh udwhv vkrxog dovr eh UE2/l p s o | l q jw z rU E2 wuhqgv1 Lw wxuqv
rxw wkdw wkh vsrw h{fkdqjh udwh/ wkrxjk ehkdylqj yhu| glhuhqwo| iurp
wkh sulfh glhuhqwldo/ vhhpv wr pryh dorqj d vlplodu orqj0uxq wuhqg1
Dowrjhwkhu/ wklv vxjjhvwv wkdw sulfhv duh lq xhqfhg erwk e| d orqj0uxq
qrplqdo sulfh wuhqg/ PP￿￿c exw dovr e| dqrwkhu orqj0uxq wuhqg/ PP2￿c
zklfk lv dvvxphg wr uh hfw uhdo lpedodqfhv ehwzhhq wkh wzr frxqwulhv1
Wkh k|srwkhvlv khuh lv wkdw wklv wuhqg lv sulpdulo| uhodwhg wr qdwlrqdo
vdylqjv lpedodqfhv lq wkh Xqlwhg Vwdwhv +dulvlqj iurp hlwkhu wkh sul0
ydwh ru sxeolf vhfwruv, zklfk kdyh ehhq vr lpsruwdqw gxulqj rxu vdpsoh
shulrg1 Vlqfh d fxuuhqw dffrxqw ghflw kdv wr eh frxqwhudfwhg e| d fru0
uhvsrqglqj fkdqjh lq wkh fdslwdo dffrxqw/ wkh vhfrqg vwrfkdvwlf wuhqg lv
olnho| wr eh dvvrfldwhg zlwk shupdqhqw vkrfnv lq xhqflqj wkh fdslwdo df0
frxqw1 Wkh uhvxowlqj lpedodqfhv zloo uhtxluh dq dssursuldwh dgmxvwphqw
lq orqj whup |lhogv/ zklfk zloo kdyh lpsolfdwlrqv iru wkh h{fkdqjh udwh
2 uhodwlyh sulfh frqjxudwlrq1 Wklv lv wkh udwlrqdo iru ~_￿2c_ 22c_ ￿2 9'f j
lq +47,1
Wkh odujh dqg shuvlvwhqw ghyldwlrqv iurp wkh orqj0uxq wuhqg lq wkh
sulfh glhuhqwldo +fi1 Iljxuh 4, vxjjhvwv wkh suhvhqfh ri dq dgglwlrqdo
vwrfkdvwlf wuhqg/ P￿￿c lq xhqflqj wkh vsrw h{fkdqjh udwh exw qrw wkh
wzr sulfhv1 Wklv lv wkh udwlrqdoh iru S￿￿ ' S2￿ 'flq +47,1 K|srwkhwlfdoo|
zh lqwhusuhw wkh wklug wuhqg dv d XV' uhvhuyh fxuuhqf| wuhqg1 Edvhg rq
wkh judskv ri wkh uhdo h{fkdqjh udwh dqg wkh erqg udwh vsuhdg lq Iljxuh
5 lw vhhpv olnho| wkdw wkh *uhvhuyh fxuuhqf|* vwrfkdvwlf wuhqg/ P￿￿c kdv
dhfwhg wkh XV erqg udwh dqg wkh vsrw h{fkdqjh udwh vlploduo|1 Wklv lv
wkh udwlrqdoh iru Se￿ 'f cS ￿￿ ' S￿D ' S￿. 9'flq +47,1
Irupxodwlrq +47, fdq qrz eh xvhg wr vxppdul}h wkh surshuwlhv ri wkh
gdwd1 Wkh rughu ri lqwhjudwlrq ri wkh yduldeohv kdv dovr ehhq irupdoo|
whvwhg lq Vhfwlrqv 8 dqg 9 dqg wkh whvwv vxssruw wkh uhvxowv lq +49,=
46iR|cR W

























| cER|  RW
|  r|  U E
+49,
Krz fdq zh xvh wklv wr dgguhvv txhvwlrqv uhodwhg wr wkh mrlqw zrunlqj
ri  dqg wkh LUB Iurp +47, lw dsshduv wkdw li E_￿￿  _2￿'fdqg
E_￿2  _22'_ ￿2c wkhq ER| RW
| r|  U E Lq wklv fdvh lw lv d ixqfwlrq
ri doo irxu vwrfkdvwlf UE wuhqgv1 Ixuwkhupruh/ lw dsshduv wkdw E,
|  ,W
| 
lv dovr d ixqfwlrq ri doo irxu vwrfkdvwlf wuhqgv dqg/ khqfh/ fdq +exw qhhg
qrw, eh frlqwhjudwhg zlwk wkh RRR whup1 Khqfh/ +47, lv frqvlvwhqw zlwk





|   /￿E{R|  {R
W
|  /DER|  R
W
|  r|jUEf +4:,
Qrwlfh wkdw /￿ '+dv zh qg, fruuhvsrqgv wr d uhodwlrq ehwzhhq uhdo
lqwhuhvw udwh sdulw| dqg wkh uhdo h{fkdqjh udwh1 Lq wklv fdvh wkh uhdo
lqwhuhvw udwh sdulw| frqglwlrq zrxog krog dv d vwdwlrqdu| uhodwlrq rqo|
iru vwdwlrqdu| uhdo h{fkdqjh udwhv1
Qrwh/ krzhyhu/ wkdw E{R| {RW
| lv rqo| d ixqfwlrq ri wzr vwrfkdvwlf
wuhqgv/ P￿￿ dqg P2￿c dqg/ wkhuhiruh/ fdqqrw eh gluhfwo| frlqwhjudwhg
zlwk wkh RRR whup li +47, lv fruuhfw1 Wklv lv dovr zkdw zh qg lq Vhfwlrq
981
Wkhuhiruh/ xvlqj frlqwhjudwlrq whfkqltxhv zh fdq whvw wkh frqvlvwhqf|
ri +47, zlwk wkh vwdwlrqdulw| ri +4:, dv zhoo dv ydulrxv rwkhu k|srwkhvhv
uhodwlqj wkh RRR whup wr wkh vkruw ru orqj lqwhuhvw udwh vsuhdg/ vkruw ru
orqj uhdo lqwhuhvw udwhv/ hwf1 Ixuwkhupruh/ e| lpehgglqj wkh vwdwlrqdu|
uhodwlrqv lq dq htxloleulxp huuru0fruuhfwlqj prgho/ zh zloo dovr eh deoh
wr qg rxw zklfk yduldeohv kdyh wdnhq wkh exughq ri dgmxvwphqw dqg
zklfk kdyh qrw1 Doo wklv zloo eh glvfxvvhg ixuwkhu lq Vhfwlrqv 90:1
8 D *jhqhudo wr vshflf* dqg d *vshflf wr jhqhudo*
dssurdfk
Doo whvw dqg hvwlpdwlrq uhvxowv duh edvhg rq wkh YDU prgho zlwk d
frqvwdqw whup/ >c vhdvrqdo gxpplhv/ 7|c dqg lqwhuyhqwlrq gxpplhv/ (|c
jlyhq e|=
{2%| 'K ￿{ 2% | 3 ￿nK { % | 3 ￿n % | 3 2n>nx ￿7 |nx 2( |n0 |c
0 | REfcP c|' ccA +4;,
8Li wkh sss dqg +s  s￿, zhuh irxqg wr eh frlqwhjudwhg/ wkhq +45, zrxog kdyh
kdg wr eh prglhg dffruglqjo|1
47zkhuh %| lv d yhfwru ri prqwko| yduldeohv revhuyhg iru | ' 4<:8=:04<<;=41
W k hi x o ov h wr iy d u l d e o h vl vg h  q h ge | =
R |@ wkh Jhupdq/ ru *krph*/ sulfh lqgh{/
RW
|@ wkh XV/ ru *iruhljq*/ sulfh lqgh{/
,
| @ wkh Jhupdq orqj erqg |lhog/

,cW
| @ wkh XV orqj erqg |lhog/
r|@ wkh vsrw h{fkdqjh udwh/ ghqhg dv GP2'/
r
| @ wkh Jhupdq 6 prqwk Wuhdvxu| eloo udwh/

rcW
| @ wkh XV 6 prqwk Wuhdvxu| eloo udwh1
Doo ri wkh gdwd xvhg lq wklv vwxg| kdyh ehhq h{wudfwhg iurp wkh Lqwhu0
qdwlrqdo Prqhwdu| Ixqgv FG0Urp glvf +Ghfhpehu 4<<;,1 Erwk sulfh
vhulhv duh Frqvxphu Sulfhv +olqh 97,/ wkh orqj lqwhuhvw udwhv duh 43 |hdu
erqg |lhogv +olqh 94,/ wkh vkruw udwhv duh Wuhdvxu| eloo udwhv +93f,/ dqg
wkh h{fkdqjh udwh lv wkh hqg ri shulrg udwh +olqh dh,1 Doo yduldeohv/ dsduw
iurp wkh lqwhuhvw udwhv +zklfk dsshdu dv iudfwlrqv, duh lq qdwxudo orjd0
ulwkpv1 Wkh judskv ri wkh yduldeohv lq ohyhov dqg lq glhuhqfhv duh jlyhq
lq wkh Dsshqgl{1
Lq +4;, doo sdudphwhuv ~K￿cKcc>cxcPjduh xquhvwulfwhg dqg PO hv0
wlpdwhv fdq eh rewdlqhg e| ROV1 Krzhyhu/ +4;, lv khdylo| ryhusdudphwul}hg
dqg lv d frqyhqlhqw zd| ri ghvfulelqj wkh fryduldqfhv ri wkh gdwd udwkhu
wkdq d phdqlqjixo hfrqrplf prgho1 E| lpsrvlqj uhvwulfwlrqv rq wkh YDU
vxfk dv uhgxfhg udqn uhvwulfwlrqv/ }hur sdudphwhu uhvwulfwlrqv/ dqg rwkhu
olqhdu ru qrqolqhdu sdudphwhu uhvwulfwlrqv/ wkh lghd lv wr duulyh dw d pruh
sduvlprqlrxv prgho zlwk hfrqrplfdoo| lqwhusuhwdeoh frh!flhqwv1 Wklv
lv hvvhqwldoo| wkh *jhqhudo wr vshflf* dssurdfk wr hfrqrphwulf prghoolqj
glvfxvvhg lq Khqgu| dqg Pl}rq +4<<6, dqg Mxvholxv +4<<6,1
Ehfdxvh ri wkh jhqhudolw| ri wkh YDU irupxodwlrq/ dgglqj rqh ydul0
deoh wr d R0glphqvlrqdo YDU v|vwhp lqwurgxfhv +R n &qhz sdudp0
hwhuv1 Zkhq wkh vdpsoh lv vpdoo/ w|slfdoo| 830433 lq txduwhuo| pdfurh0
frqrplf prghov/ dgglqj pruh yduldeohv ehfrphv surklelwlyh1 Dv dujxhg
lq Mxvholxv +4<<5, rqh vroxwlrq lv wr prgho vpdoohu vxe0v|vwhpv dqg wkhq
frpelqh wkh uhvxowv ri wkh vxe0v|vwhpv lqwr d odujhu prgho1 Krzhyhu/
hyhq zkhq wkh vdpsoh lv odujh hqrxjk iru d eljjhu v|vwhp wr eh hvwl0
pdwhg/ lw lv qhyhuwkhohvv riwhq dgydqwdjhrxv wr gr wkh YDU dqdo|vlv
uvw iru d vpdoohu vhw ri yduldeohv dqg wkhq judgxdoo| lqfuhdvh wkh v|v0
whp1 Ehfdxvh wkh frlqwhjudwlrq surshuw| lv lqyduldqw wr h{whqvlrqv ri wkh
lqirupdwlrq vhw vxfk d surfhgxuh lv olnho| wr idflolwdwh wkh lghqwlfdwlrq
ri frlqwhjudwlrq uhodwlrqv zlwkrxw orvv ri lqirupdwlrq1 Li frlqwhjudwlrq lv
irxqg zlwklq d vpdoohu vhw ri yduldeohv/ wkh vdph frlqwhjudwlrq uhodwlrqv
zloo eh irxqg lq dq h{whqghg vhw1 Ixuwkhupruh/ wkh judgxdo h{sdqvlrq
ri wkh lqirupdwlrq vhw idflolwdwhv dq dqdo|vlv ri wkh vhqvlwlylw| ri wkh uh0
vxowv dvvrfldwhg zlwk wkh *fhwhulv sdulexv* dvvxpswlrq/ lq sduwlfxodu lwv
48lpsruwdqfh iru wkh hpslulfdo dqdo|vlv ri wkh vpdoohu vhw ri yduldeohv1 Zh
fdoo wklv dssurdfk *wkh vshflf0wr0jhqhudo lq wkh fkrlfh ri yduldeohv*1
Dv dq looxvwudwlrq ri wklv sulqflsoh zh uvw irfxv rq wkh frlqwhjudwlrq
surshuwlhv ri wkh GP2XV' vsrw h{fkdqjh udwhv/ Jhupdq dqg XV sulfhv
dqg orqj0whup erqg udwhv dqg wkhq/ lq d vhfrqg vwdjh/ lqfoxgh wkh wuhd0
vxu| eloo udwhv lqwr wkh dqdo|vlv1 Wkh prwlydwlrq iru uvw lqfoxglqj wkh
orqj0whup erqg udwhv udwkhu wkdq wkh vkruw0whup wuhdvxu| eloo udwhv lv
sduwo| edvhg rq wkh judsklfdo dqdo|vlv ri Vhfwlrq 5/ dqg sduwo| ehfdxvh
wkh orqj0whup pryhphqwv lq uhdo h{fkdqjh udwhv duh olnho| wr eh pruh
lqirupdwlyh derxw wkh orqj0whup wkdq wkh vkruw0whup lqwhuhvw udwhv1 Xv0
lqj wklv dssurdfk zh duh deoh uvw wr lvrodwh wkh uhodwlrqv uhohydqw iru
wkh orqjhu whup pryhphqwv lq wkh uhdo h{fkdqjh udwhv dqg wkhq wr lqyhv0
wljdwh wkh *ydoxh dgghg* ri wkh vkruw0whup lqwhuhvw udwhv iru wkh iruhljq
wudqvplvvlrq phfkdqlvpv1
Wkh fkrlfh ri gdwd yhfwru lq wkh uvw vwhs wkhq ehfrphv=
%
￿







Vlplodu v|vwhpv wr +4<, kdyh ehhq dqdo|vhg suhylrxvo| e| Mrkdqvhq
dqg Mxvholxv +4<<5,/ Mxvholxv +4<<4/4<<8, dqg PdfGrqdog dqg Pduvk
+4<<:/4<<<, +dowkrxjk wkh pdwxulw| ri lqwhuhvw udwhv xvhg ydulhv dfurvv
wkhvh vwxglhv,1 Dv dsshduv iurp wkh judsklfdo glvsod| lq Dsshqgl{ LL/
wkh sulfh yduldeohv dqg/ srvvleo|/ wkh vsrw h{fkdqjh udwhv h{klelw w|slfdo
UE2 ehkdylru1 Wkh k|srwkhvlv wkdw %| lv UE2 fdq eh irupxodwhg zlwklq







zkhuh kc q duh R  o dqg lc # duh R  o  r￿ pdwulfhv1 Vhh Mrkdqvhq
+4<<4, iru ixuwkhu ghwdlov1 E| vroylqj wkh uvw uhgxfhg udqn sureohp zh
jhw lqirupdwlrq derxw wkh qxpehu ri vwdwlrqdu| frlqwhjudwlqj uhodwlrqv
dqg iurp wkh vhfrqg derxw wkh qxpehu ri vhfrqg rughu vwrfkdvwlf wuhqgv
dqg krz wkh| lq xhqfh sulfhv dqg h{fkdqjh udwhv/ dv glvfxvvhg lq Vhfwlrq
7 dqg h{hpsolhg e| +47,1
Wkh wzr k|srwkhvhv zhuh whvwhg xvlqj wkh olnholkrrg udwlr whvw surfh0
gxuh lq Udkehn/ Nrqjvwhg/ dqg Mrujhqvhq +4<<;,1 Wkh uhvxowv vxjjhvwhg
wkdw wkh uhgxfhg udqn ri  zdv wzr/ l1h1 o '2 cdqg wkdw ri k￿
zKqz zdv
dovr wzr/ l1h1 r￿ '2 Dowrjhwkhu wklv lv frqvlvwhqw zlwk R  o 'frp0
prq vwrfkdvwlf wuhqgv ri zklfk rqh lv UE21 Edvhg rq ixuwkhu hvwlpdwhv
ri wkh UE2 prgho +qrw vkrzq khuh, wkh dvvxpswlrq ri rqh frpprq UE2
wuhqg zrxog kdyh ehhq lqfrqvlvwhqw zlwk vsrw h{fkdqjh udwhv dqg sulfhv
49ehlqj frlqwhjudwhg/ UE2c Wkh sureohp vhhphg wr dulvh iurp uhodwlyh
sulfhv ehlqj forvhu wr wkh UE2 erxqgdu| wkdq wkh vsrw h{fkdqjh udwhv dv
looxvwudwhg e| judskv ri Iljxuh 41
D sulrul rqh zrxog h{shfw wkh vsrw h{fkdqjh udwh wr pluuru wkh pryh0
phqwv lq wkh sulfh glhuhqwldo/ vxfk wkdw +R|  RW
|  r| lv dw prvw dq
UE yduldeoh1 Wkh uhvxowv ri wkh UE2 dqdo|vlv fohduo| vxjjhvwhg wkdw
iR|cR W
|jU E2c dqg wkdw +R|  RW
|  UE29 D qhfhvvdu| frqglwlrq iru
+R|  RW
|  r|  UE lv wkdw r|  UE2 dqg frlqwhjudwhg zlwk +R|  RW
|
Wkhuh zdv vrph hylghqfh iru wklv wr eh wkh fdvh/ exw rqo| xqghu wkh
dvvxpswlrq ri wzr frpprq vwrfkdvwlf UE2 wuhqgv1 Wkhuhiruh zh pdlq0
wdlq wkh k|srwkhvlv +47, dv rxu suhihuuhg fdvh/ wkrxjk dgplwwlqj wkdw
wkh hfrqrphwulf hylghqfh ri wkh vhfrqg UE2 wuhqg zdv qrw hpslulfdoo|
urexvw:1









zkhuh RRR 'E R |R W
|r |  Li wkh RRR uhvwulfwlrq Ecc kdg ehhq
dffhswdeoh lq doo frlqwhjudwlqj uhodwlrqv lq wkh UE2 prgho ri +4<, wkh
Y D Up r g h oe d v h gr q+ 5 5 ,z r x o gk d y hl p s o l h gq ro r v vr iq ro r q j 0 u x ql q 0
irupdwlrq +vhh Mxvholxv dqg Wrur/ 4<<<,1 Krzhyhu/ edvhg rq whvw uhvxowv
qrw uhsruwhg khuh/ wkh mrlqw uhvwulfwlrqv zhuh qrw gdwd frqvlvwhqw dqg
vrph lqirupdwlrq +prvwo| derxw wkh phfkdqlvpv jryhuqlqj wkh qrplqdo
h{fkdqjh udwh, lv orvw e| prylqj wr +55,1 Wkh ghyldwlrqv iurp frqvwdqw
RRR duh yhu| odujh lq devroxwh whupv frpsduhg wr wkh uhpdlqlqj ydul0
deohv lq +55,1 Wkhuhiruh/ wkh RRR whup kdv ehhq glylghg e| 433 wr dyrlg
jhwwlqj yhu| vpdoo frh!flhqwv lq devroxwh pdjqlwxgh1 Qhyhuwkhohvv/ wkh
lqwhusuhwdwlrq ri wkh uhvxowv duh iru wkh ruljlqdo RRR whup1
Dqrwkhu srvvlelolw| zrxog kdyh ehhq wr shuirup wkh dqdo|vlv edvhg








D YDU prgho edvhg rq +56, zrxog eh UE/ exw doo orqj0uxq lqirupdwlrq
lq wkh ohyhov ri sulfhv dqg wkh h{fkdqjh udwh zrxog kdyh ehhq uhpryhg
e| glhuhqflqj1 Xvlqj yhfwru +56, lqvwhdg ri +55, zrxog kdyh uhvxowhg
lq d juhdwhu lqirupdwlrqdo orvv dqg/ wkhuhiruh/ lv qrw dffhswdeoh iurp dq
hfrqrphwulf srlqw ri ylhz1
9Wklv lv frquphg e| wkh whvw uhvxow lq Wdeoh 6 wkdw +sw  s￿
w,  L+4,=
:Lqihuhqfh lq wkh L+5, prgho lv edvhg rq dv|pswrwlf wkhru| dqg zh vwloo qhhg
d pruh frpsohwh xqghuvwdqglqj ri wkh qlwh vdpsoh surshuwlhv lq sduwlfxodu zkhq
frlqwhjudwlrq lv erughuolqh1 D pruh ghwdlohg L+5, dqdo|vlv ri +4<, lv/ wkhuhiruh/ ohiw
wr ixwxuh uhvhdufk1
4:9 Whvwlqj wkh sdulwlhv lq wkh vpdoo prgho
Lw dsshduv iurp wkh judskv ri wkh glhuhqfhg yduldeohv lq Dsshqgl{ LL
wkdw wkh qrupdolw| dvvxpswlrq xqghuo|lqj +4;, lv qrw vdwlvhg iru pdq|
ri wkh pdujlqdo surfhvvhv/ sduwlfxoduo| qrw iru wkh vkruw0whup wuhdvxu|
eloo udwhv/ vljqli|lqj erwk wkh kljk yrodwlolw| lq wkh shulrg ri prqh|
vwrfn wdujhwlqj e| wkh Ihg dqg pdq| prqhwdu| lqwhuyhqwlrqv lq wklv
shulrg1 Wr vhfxuh ydolg vwdwlvwlfdo lqihuhqfh zh qhhg wr frqwuro iru wkrvh
lqwhuyhqwlrq hhfwv wkdw idoo rxwvlgh wkh qrupdolw| frqghqfh edqgv1 Li
d uhvlgxdo odujhu wkdq mDj0m fruuhvsrqgv wr d nqrzq lqwhuyhqwlrq/ zh
lqfoxgh lw lq wkh lqirupdwlrq vhw dv d gxpp| yduldeoh1 Wkh YDU prgho




zkhuh (%%++ lv d cfcccfc gxpp| phdvxulqj d wudqvlwru| lq0
whuyhqwlrq vkrfn lq 4<{{1||/ (%%++ lv d cfccfc gxpp| phdvxulqj
d shupdqhqw lqwhuyhqwlrq vkrfn/ (r%%++ lv d cfcfcccc gxpp|
uhvwulfwhg wr olh lq wkh frlqwhjudwlrq vsdfh phdvxulqj d vkliw lq wkh frlq0
whjudwlrq phdq1 D pruh ghwdlohg ghvfulswlrq fdq eh rewdlqhg e| wkh
dxwkruv1
Dv d uvw fkhfn ri wkh vwdwlvwlfdo dghtxdf| ri prgho +4;, zh uhsruw
vrph pxowlyduldwh dqg xqlyduldwh plvvshflfdwlrq whvwv lq Wdeoh 41 D
vljqlfdqw whvw vwdwlvwlf lv jlyhq lq erog idfh1 Zh dovr uhsruw wkh hvwl0
pdwhg hljhqydoxhv ri wkh  p d w u l { /d vz h o od vw k h y ho d u j h v wu r r w vr i
wkh fkdudfwhulvwlf sro|qrpldo1
Wkh pxowlyduldwh u whvw iru uvw rughu uhvlgxdo dxwrfruuhodwlrqv lv
qrw vljqlfdqw/ zkhuhdv pxowlyduldwh qrupdolw| lv fohduo| ylrodwhg1 Qru0
pdolw| fdq eh uhmhfwhg dv d uhvxow ri vnhzqhvv +wklug prphqw, ru h{fhvv
nxuwrvlv +iruwk prphqw,1 Vlqfh wkh surshuwlhv ri wkh frlqwhjudwlrq hvwl0
pdwruv duh pruh vhqvlwlyh wr ghyldwlrqv iurp qrupdolw| gxh wr vnhzqhvv
wkdq wr h{fhvv nxuwrvlv zh uhsruw wkh xqlyduldwh Mdutxh0Ehud whvw vwdwlv0
wlfv wrjhwkhu zlwk wkh wklug dqg irxuwk prphqw durxqg wkh phdq1 Lw
wxuqv rxw wkdw wkh uhmhfwlrq ri qrupdolw| lv hvvhqwldoo| gxh wr h{fhvv nxu0
wrvlv/ dqg khqfh qrw vr vhulrxv iru wkh hvwlpdwlrq uhvxowv1 Wkh -ME2
whvwv iru vhfrqg rughu dxwruhjuhvvlyh khwhurvfhgdvwlvlw| dqg lv uhmhfwhg iru
doo htxdwlrqv h{fhsw wkh XV erqg udwh1 Djdlq frlqwhjudwlrq hvwlpdwhv
duh qrw yhu| vhqvlwlyh wr -M hhfwv1 Wkh -2 phdvxuhv wkh lpsuryh0
phqw lq h{sodqdwru| srzhu uhodwlyh wr wkh udqgrp zdon k|srwkhvlv/ l1h1
{%| ' 0| Wkh| vkrz wkdw zlwk wklv lqirupdwlrq vhw zh fdq h{sodlq
txlwh d odujh sursruwlrq ri wkh yduldwlrq lq wkh lq dwlrq udwhv/ exw wr d
pxfk ohvvhu h{whqw wkh yduldwlrq lq wkh erqg udwhv dqg wkh uhdo h{fkdqjh
udwhv1
4;Wdeoh 4= Plvvshflfdwlrq whvwv dqg fkdudfwhulvwlf urrwv
Pxowlyduldwh whvwv=
Uhvlgxdo dxwrfruu1 u￿ 2E2D @ 541: s0ydo1 3198
Qrupdolw|= u 2Ef @ 7319 s0ydo 3133




DUFK+5, 316: 91;8 3197 47167 6199
Mdut1Ehud+5, :18; ;17< 451:: 4814: 31;<
Vnhzqhvv 3155 03137 3154 3155 3137
H{1 Nxuwrvlv 31:8 31;5 413; 4155 314:
	 j0  ff 314; 314: 3134 3135 51:8
U2 31:4 3184 316: 316; 3163











Prgxoxv ri 8 odujhvw urrwv=
Xquhvwulfwhg prgho 31<; 31<; 31<8 3186 3175
o ' 4133 4133 31<9 3185 3177
o '2 4133 4133 4133 317; 317;
Wkh frlqwhjudwlrq udqn fdq eh vhhq dv dq lqglfdwlrq ri krz zhoo
pdunhwv dgmxvw dqg/ wkhuhiruh/ ri pdunhw eduulhuv1 Erwk wkh wudfh whvw
dqg wkh urrwv ri wkh fkdudfwhulvwlf sro|qrpldo vxssruw wkh fkrlfh ri o '
2c frqvlvwhqw zlwk uhsuhvhqwdwlrq +47, lq Vhfwlrq 71 Dv d vhqvlwlylw| fkhfn/
wkh urrwv xqghu wkh fkrlfh o 'duh dovr uhsruwhg lq Wdeoh 41 Lq wklv
fdvh d odujh urrw uhpdlqhg lq wkh prgho vxssruwlqj wkh fkrlfh ri o '2 
Wdeoh 5 uhsruwv vrph whvwv ri wkh lqglylgxdo yduldeohv dqg wkhlu uroh
lq wkh v|vwhp1 Wkh whvw ri orqj0uxq h{foxvlrq lqyhvwljdwhv zkhwkhu dq|
ri wkh yduldeohv fdq eh h{foxghg iurp wkh frlqwhjudwlrq vsdfh/ lpso|lqj
qr orqj0uxq uhodwlrqvkls zlwk wkh uhpdlqlqj yduldeohv1 Lw fdq eh irupx0
odwhg dv d }hur urz lq qc l1h1= M￿
q G q￿￿ 'f c ' ccoc zkhuh M￿
q
lv wkh k|srwkhvlv wkdw wkh yduldeoh %￿c' ccRc grhv qrw hqwhu wkh
frlqwhjudwlrq vsdfh1
Wkh whvw ri orqj0uxq zhdn h{rjhqhlw| lqyhvwljdwhv wkh devhqfh ri orqj0
uxq ohyhov ihhg0edfn dqg lv irupxodwhg dv d }hur urz ri k/l 1 h 1M ￿
kG k ￿￿ '
fc ' ccoc zkhuh M￿
k lv d k|srwkhvlv wkdw wkh yduldeoh %￿c' ccRc
grhv qrw dgmxvw wr wkh htxloleulxp huuruv q
￿
￿%|c' cco Li dffhswhg/ wkh
yduldeoh lq txhvwlrq fdq eh frqvlghuhg d gulylqj yduldeoh lq wkh v|vwhp=
lw *sxvkhv* wkh v|vwhp/ exw lv qrw ehlqj *sxvkhg* e| lw1
Ilqdoo|/ wkh whvw ri vwdwlrqdulw| lqyhvwljdwhv zkhwkhu dq| ri wkh ydul0
deohv fdq eh dvvxphg vwdwlrqdu| e| lwvhoi e| whvwlqj zkhwkhu wkh yduldeoh
lq txhvwlrq fruuhvsrqgv wr d xqlw yhfwru lq wkh frlqwhjudwlrq vsdfh Lw






Orqj0uxq h{foxvlrq= 4571; 8714 481< ;15 581; 2E2 ' Sf
Orqj0uxq zhdn h{rjhqhlw| 44:1; 6:19 319 517 513 2E2 ' Sf
Vwdwlrqdulw|= 591< 5:19 7718 7419 7<13 2E ' .H
lv irupxodwhg dv ~qj ' iKc￿jc zkhuh K l vdx q l wy h f w r ud q g ￿lv d
R  Eo   yhfwru ri xquhvwulfwhg frh!flhqwv1 Dffhswlqj wkh k|srwkhvlv
lpsolhv wkdw wkh yduldeoh lq txhvwlrq fdq eh frqvlghuhg UEf
Lw dsshduv wkdw qr yduldeoh fdq eh h{foxghg iurp wkh frlqwhjudwlrq
vsdfh/ wkdw wkh Jhupdq orqj0whup erqg udwh/ wkh RRR h{fkdqjh udwh/
dqg wkh XV orqj0whup erqg udwh fdq eh dvvxphg lqglylgxdoo| zhdno|
h{rjhqrxv1 Wkh whvw ri doo wkuhh ehlqj mrlqwo| zhdno| h{rjhqrxv zdv
dffhswhg edvhg rq 2E S 'S  Dbc zlwk d s0ydoxh ri 31691 Wkxv/ wkh
gdwd vwurqjo| vxssruw wkdw lq dwlrq udwhv duh dgmxvwlqj wr wkh orqj0whup
lqwhuhvw udwhv dqg uhdo h{fkdqjh udwhv/ exw qrw ylfh yhuvd1 Zh lqwhusuhw
wklv dv hylghqfh djdlqvw wkh Ilvkhu uhdo lqwhuhvw udwh k|srwkhvlv/ lq zklfk
lq dwlrq vxssrvhgo| gulyhv qrplqdo lqwhuhvw udwhv1 Ilqdoo|/ qrqh ri wkh
yduldeohv fdq eh frqvlghuhg vwdwlrqdu| ryhu wkh vdpsoh shulrg1
914 Vlqjoh frlqwhjudwlrq k|srwkhvhv
Wkh k|srwkhvhv uhsruwhg lq Wdeoh 6 duh ri wkh irup q ' iM￿c ￿j/l 1 h 1
wkh| whvw zkhwkhu d vlqjoh uhvwulfwhg uhodwlrq lv lq rREq ohdylqj wkh rwkhu
uhodwlrq xquhvwulfwhg1 Li wkh k|srwkhwlfdo uhodwlrqv h{lvwv hpslulfdoo|/
wkhq wklv surfhgxuh zloo pd{lpl}h wkh fkdqfh ri qglqj wkhp1 Iru d
whfkqlfdo ghulydwlrq ri wkh whvw surfhgxuhv/ vhh Mrkdqvhq dqg Mxvholxv
+4<<5,1
K￿wr Ke duh k|srwkhvhv whvwv rq sdluv ri yduldeohv/ vxfk dv uhodwlyh
lq dwlrq +K￿,/ uhodwlyh lqwhuhvw udwhv +K2, dqg Ilvkhu sdulw| frqglwlrqv
+K￿ dqg Ke,1 Wkhvh whvwv wkhuhiruh vhhn wr ghwhuplqh li vrph ri wkh nh|
sdulw| frqglwlrqv lqwurgxfhg lq Vhfwlrq 5 duh hpslulfdoo| yhuldeoh rq
wkhlu rzq1 Vlqfh doo ri wkh s0ydoxhv duh ohvv wkdq wkh 8( fulwlfdo ydoxh/
wkh whvwv uhmhfw wklv1 Lq wkh uhpdlqlqj k|srwkhvhv whvwv lq Wdeoh 7/ KD
wr K￿￿/ zh wkhuhiruh frqvlghu frpelqlqj wkhvh sdulw| uhodwlrqvklsv dqg
lqwurgxflqj wkh RRR whup1
KD dqg KS duh whvwv ri yduldqwv ri uhdo lqwhuhvw udwh sdulw| lq zklfk
ixoo sursruwlrqdolw| kdv qrw ehhq lpsrvhg1 Uhvwulfwlqj wkh wzr lq dwlrq
udwhv wr kdyh xqlwdu| frh!flhqwv dqg wkh qrplqdo lqwhuhvw udwhv wr kdyh
htxdo dqg rssrvlwh vljqv +KD, lv uhmhfwhg/ exw uhodwlqj wkh h{ srvw Jhu0
p d qu h d ol q w h u h v wu d w hz l w kh{ srvw XV uhdo lqwhuhvw udwh +KS,j l y h vd
53Wdeoh 6= Frlqwhjudwlrq surshuwlhv
{s {sW lK lW
K RRR￿￿ Gv<4136 2Ev s1ydo1
K￿ 4 04 3 3 3 - 581< +6, 3133
K2 3 3 4 04 3 - 7813+6, 3133
K￿ 4 3 04 3 3 - 4719+6, 3134
Ke 3 4 3 04 3 - 6715+6, 3133
KD 4 04 0314< 314< 3 - 5819+5, 3133
KS 4 03158 04 3158 3 - 717+5, 3144
K. 4 04 3 3 3199 - ;1;+5, 3134
KH 3 3 04 4 0317: - 7315+5, 3133
Kb 4 3 04 3 03168 - 51<+5, 3156
K￿f 3 4 3 04 04168 - 317+5, 31;5
K￿￿ 40 40 44 4 1 3 4 - 4 1 ; + 5 , 3174
K￿2 4 03167 03199 3 3 - 3148+5, 31<6
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erughuolqh vwdwlrqdu| uhodwlrq zlwk d frh!flhqw 3158 wr XV uhdo lqwhuhvw
udwh1 Frpelqlqj sdulw| frqglwlrqv/ wkhuhiruh/ grhv vhhp wr eh lpsruwdqw
iurp wkh shuvshfwlyh ri ghqlqj uhodwlrqvklsv zklfk frqirup wr vwdqgdug
pdfur wkhru|1 Wklv srlqw lv xqghuvfruhg lq K￿￿ lq zklfk h{ srvw uhdo
lqwhuhvw udwhv duh htxdol}hg dfurvv frxqwulhv/ li wkh RRR whup lv lqfoxghg
lq wkh yhfwru1 Wkxv/ d vwulfw irup ri uhdo lqwhuhvw udwh sdulw| lv olnho|
wr eh irxqg lq shulrgv ri d vwdwlrqdu| RRR h{fkdqjh udwh1 Qrwh wkdw lq0
foxglqj wkh RRR whup lq forvhg Ilvkhu uhodwlrqvklsv iru Jhupdq| dqg wkh
XV dovr surgxfhv vwdwlrqdu| uhodwlrqvklsv +Kb dqg K￿f/ uhvshfwlyho|,/
exw lqfoxglqj wkh RRR whup lq wkh uhodwlyh lq dwlrq ru uhodwlyh lqwhuhvw
udwh whupv grhv qrw +K. dqg KH/ uhvshfwlyho|,1 Ilqdoo|/ K￿2 ghvfulehv
d krprjhqhrxv uhodwlrqvkls +l1h1/ wkh frh!flhqwv vxp wr }hur, ehwzhhq
Jhupdq lq dwlrq/ XV lq dwlrq/ dqg wkh Jhupdq erqg udwh1
Dowrjhwkhu/ wkh uhvxowv ri wkh whvwv lq Wdeoh 6 duh frqvlvwhqw zlwk wkh
irupxodwlrq +47, lq Vhfwlrq 71
915 Ixoo| vshflhg frlqwhjudwlqj uhodwlrqv
Wdeoh 6 vkrzhg wkdw vwdwlrqdulw| lv irxqg iru d uhdo lqwhuhvw udwh sdulw|
uhodwlrq ehwzhhq Jhupdq| dqg XVD dqg wkh RRR whup +K￿￿c frpelqlqj
wkh mrlqw lqirupdwlrq lq Kb dqg K￿fc dqg iru d krprjhqhrxv uhodwlrq
ehwzhhq Jhupdq sulfh lq dwlrq/ XV sulfh lq dwlrq dqg Jhupdq erqg
udwh +K￿21 Zh wkhuhiruh whvwhg wkh iroorzlqj mrlqw k|srwkhvlv rq wkh
ixoo frlqwhjudwlrq vwuxfwxuh=
54Wdeoh 7= D vwuxfwxudo uhsuhvhqwdwlrq ri wkh frlqwhjudwlqj vsdfh1
.}e?eS|Jor q
E@RRo￿ |3￿@,￿er ￿? Ko@S&e|r￿
`e}|r k
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K￿￿ G q ' iM￿)￿cM 2) 2jc
zkhuh wkh ghvljq pdwulfhv M￿ dqg M2 fruuhvsrqg wr K￿￿ dqg K￿2 Wkh
irxu ryhulghqwli|lqj uhvwulfwlrqv wkdw K￿￿ lpsrvhv rq wkh frlqwhjudwlrq
vsdfh zhuh whvwhg edvhg rq wkh OU whvw surfhgxuh lq Mrkdqvhq dqg
Mxvholxv +4<<7,1 Wkh whvw vwdwlvwlf/ d|pswrwlfdoo| glvwulexwhg dv 2Eec
zdv 5157 dqg wkh uhvwulfwlrqv dffhswhg zlwk d s0ydoxh ri 319<1 Wkh wzr
vwdwlrqdu| uhodwlrqv duh uhsruwhg lq Wdeoh 71 Wkh uvw yhfwru kdv ehhq
qrupdol}hg rq wkh Jhupdq lq dwlrq udwh dqg wkh vhfrqg rq wkh XV lq d0
wlrq udwh1 Wkh hvwlpdwhv ri wkh iuhho| hvwlpdwhg q￿￿ frh!flhqwv dqg wkhlu
dv|pswrwlf *w0ydoxhv* lqglfdwh wkdw doo ri wkhp duh vwurqjo| vljqlfdqw
dqg/ khqfh/ wkdw wkh vxjjhvwhg vwuxfwxuh lv dovr hpslulfdoo| lghqwlhg
+Mrkdqvhq dqg Mxvholxv/ 4<<7,1
Wkh uvw yhfwru uhsuhvhqwlqj d Jhupdq lq dwlrq uhodwlrq lv jlyhq e|=
{R| 'f  {R
W
| nf  Sb
,
| nf  ff(b|  fff n r|@|eooJo +57,
Wkh lqwhusuhwdwlrq lv wkdw Jhupdq lq dwlrq lv uhodwhg erwk wr wkh XV
lq dwlrq udwh +dq lpsruwhg lq dwlrq hhfw, dqg wr wkh grphvwlf orqj0
whup erqg udwh1 Wkh vkliw gxpp| lv frqvlvwhqw zlwk d vpdoo lqfuhdvh
lq Jhupdq lq dwlrq diwhu wkh uhxqlfdwlrq dqg wkh frqvwdqw whup vkrzv
wkdw Jhupdq lq dwlrq rq dyhudjh lv orzhu wkdq wkh lpsolhg ydoxh dv jlyhq
e| wkh ghwhuplqdqwv1 Wkh vkruw0uxq dgmxvwphqw wr +57, rffxuv sulpdulo|
wkurxjk wkh fkdqjhv lq Jhupdq| lq dwlrq udwh vljqli|lqj lwv lpsruwdqfh
55dv d Jhupdq uhodwlrqvkls1 Krzhyhu/ XV lq dwlrq kdv uhdfwhg vlploduo|/
l1h1 qhjdwlyho|/ wkrxjk ohvv vwurqjo| vr/ wr srvlwlyh ghyldwlrqv iurp wklv
uhodwlrq1
Wkh vhfrqg frlqwhjudwlqj uhodwlrqvkls/ uhsuhvhqwlqj lqwhuqdwlrqdo uhdo







|{ R |f  fRRR| nf  ff2(b|  fff n r|@|eooJo
+58,
Wkh vkruw0uxq dgmxvwphqw wr +58, rffxuv sulpdulo| wkurxjk fkdqjhv lq
XV lq dwlrq udwh vljqli|lqj lwv lpsruwdqfhv iru wkh XV hfrqrp|1 Wkh
lqwhusuhwdwlrq lv wkdw wkh XV uhdo lqwhuhvw udwh lqfuhdvhv uhodwlyh wr wkh
Jhupdq rqh zkhq wkh RRR whup lv qhjdwlyh> l1h1 zkhq XV sulfhv duh deryh
Jhupdq sulfhv phdvxuhg lq wkh vdph fxuuhqf|/ wkdw XV uhdo lqwhuhvw udwh
lv rq dyhudjh orzhu +31336, wkdq wkh Jhupdq uhdo lqwhuhvw udwh jlyhq wkh
RRR hhfw +zh lqwhusuhw wklv dv wkh vdih kdyhq hhfw,1 Wkh uhvxowv vxjjhvw
wkdw wkh odfn ri dgmxvwphqw lq wkh XV lq dwlrq udwh uhtxluhg wr eulqj wkh
RRR whup edfn wr vwhdg|0vwdwh +fi1 wkh odujh XV wudgh ghflw glvfxvvhg
lq Vhfwlrq 6, kdv ehhq frpshqvdwhg e| lqfuhdvlqj XV erqg |lhog uhodwlyh
wr wkh Jhupdq |lhog1 Wkdw lv/ wkh idloxuh ri wkh h{fkdqjh udwh2 uhodwlyh
sulfh frqjxudwlrq wr uhvwruh frpshwlwlyhqhvv kdv wr eh frpshqvdwhg e|
dq lqfuhdvhg lqwhuhvw udwh1 Wklv lqwhusuhwdwlrq lv vxssruwhg e| K. lq
Wdeoh 6/ vkrzlqj wkdw E{RW
| {R|fff.RRR  UEc l1h1 wkh sxuh sulfh
dgmxvwphqw/ {RW
| '{ R | f  ff.ERWRrc kdv qrw ehhq hqrxjk wr uhvwruh
sulfh frpshwlwlyhqhvv/ zlwk wkh qdqflqj ri wkh frqvhtxhqw wudgh ghflw
uhtxlulqj dq lqfuhdvhg fdslwdo lpsruw1 Frqvlghulqj wkh odujh yduldwlrqv
lq uhdo erqg udwhv ryhu wklv shulrg/ looxvwudwhg e| wkh judskv ri Iljxuh 6/
wkh idfw wkdw zh kdyh ehhq deoh wr uhfryhu d vwurqj0irup yhuvlrq ri uhdo
lqwhuhvw udwh sdulw| vhhpv txlwh uhpdundeoh1
Ilqdoo|/ zh vxemhfw rxu fkrvhq prgho wr d vhw ri Kdqvhq0Mrkdqvhq
uhfxuvlyh vwdelolw| whvwv1 Wkhvh uhvxowv/ uhsruwhg lq wkh Dsshqgl{ lqglfdwh
d uhpdundeoh ghjuhh ri vwdelolw| iru wkh frh!flhqwv lq wkh frlqwhjudwlqj
yhfwruv1
: Wkh h{whqghg prgho
Zh qrz dsso| rxu nqrzohgjh ri wkh vpdoo prgho wr dq dqdo|vlv ri wkh














dqg lw lv wklv yhfwru zklfk zh dqdo|}h lq wkh uhpdlqghu ri wkh sdshu1 Wklv
yhfwru idflolwdwhv dq h{dplqdwlrq ri wkh qdo sdulw| frqglwlrq frqvlghuhg
lq vhfwlrq 5/ qdpho| wkh whup vwuxfwxuh uhodwlrqvkls1
56Dv phqwlrqhg deryh/ wkh vkruw0whup wuhdvxu| eloo udwhv kdyh ehhq
vxemhfw wr pdq| pdmru vkrfnv dqg lqwhuyhqwlrqv lq wklv shulrg/ uhtxlulqj
wkh lqfoxvlrq ri wkh iroorzlqj gxpp| yduldeohv=
(
￿
| 'd ( .Hfbc(  .Hf(.b2c(.bc(Hff2c(Hffc(HffDc(Hff.c
(Hfc(Hfc(Hf2c(Hfc(HfDc(Hfc(Hc(H2fc(H2fHc
(H2fc(He2c(HHfHc(Hbf2c(bc(rbfco
D pruh ghwdlohg h{sodqdwlrq fdq eh rewdlqhg iurp wkh dxwkruv1 E| frq0
wuroolqj iru wkhvh h{wudruglqdu| vkrfnv wkh uhvlgxdov ri wkh YDU prgho
ehfdph uhdvrqdeo| zhoo0ehkdyhg exw qrupdolw| zdv/ qhyhuwkhohvv/ uh0
mhfwhg +pdlqo| gxh wr h{fhvv nxuwrvlv,/ dqg erwk wuhdvxu| eloov h{klelwhg
uhvlgxdo DUFK1 Lw dsshduv wkdw prvw ri wkh revhuydwlrqv lq wkh prqh|
vwrfn wdujhwlqj shulrg ri wkh hljkwlhv kdyh ehhq fodvvlhg dv rxwolhuv dqg/
khqfh/ gxpplhg rxw1 Wkh whvw uhvxowv ri Kdqvhq dqg Mrkdqvhq +4<<<,
vkrz wkdw wklv shulrg lv lq idfw qrw uhsuhvhqwdwlyh iru wkh zkroh vdpsoh;1
Lq Wdeoh 8 zh uhsruw wkh hvwlpdwhg hljhqydoxhv dqg wudfh vwdwlvwlfv
dvvrfldwhg zlwk wklv v|vwhp1 Dgglqj wkh wzr wuhdvxu| eloo udwhv wr wkh
gdwd vhw lpsolhv wkuhh srvvlelolwlhv uhjduglqj wkh hhfw rq wkh udqn=
 o '2 cl1h1 wkh udqn lv xqfkdqjhg dqg wkh vwrfkdvwlf wuhqgv kdyh
lqfuhdvhg wr R  o 'D clpso|lqj wkdw wkh wzr vkruw0whup udwhv duh
qrw frlqwhjudwhg zlwk wkhpvhoyhv qru zlwk wkh lq dwlrq udwhv/ erqg
udwhv/ ru RRR whup1 Khqfh/ wklv fdvh lv qrw yhu| sodxvleoh/ d sulrul1
 o ' cl1h1 Ro 'edqg lqfoxglqj wkh vkruw0whup lqwhuhvw udwhv kdyh
lqwurgxfhg rqh dgglwlrqdo vwrfkdvwlf wuhqg1 Wklv phdqv wkdw wkh
vkruw0whup lqwhuhvw udwhv fdq eh mrlqwo| frlqwhjudwhg ru frlqwjudwhg
zlwk wkh uhpdlqlqj yduldeohv ri wkh v|vwhp1
 o 'e cl1h1 wkh qxpehu ri frpprq vwrfkdvwlf wuhqgv uhpdlq xq0
fkdqjhg/ Ro ' Lq wklv fdvh wkh vkruw0whup lqwhuhvw udwhv zrxog
eh ixoo| lqwhjudwhg zlwk orqj0whup lqwhuhvw udwhv/ lq dwlrq udwhv/
dqg wkh uhdo h{fkdqjh udwhv frqvlvwhqw zlwk wkh wkhruhwlfdo irxq0
gdwlrqv ri wkh sdulwlhv ri Vhfwlrq 51
Wkh wudfh whvw vxjjhvwv irxu frpprq vwrfkdvwlf wuhqgv dqg/ frqvh0
txhqwo|/ wkuhh frlqwhjudwlrq uhodwlrqv1 Krzhyhu/ wkh wudfh vwdwlvwlf iru
R  o 'elv txlwh forvh wr wkh <8( txdqwloh/ zklfk pljkw vxjjhvw wkdw
wkh wkhruhwlfdoo| pruh dffhswdeoh fdvh R  o 'eh wuxh1 Wr fkhfn wkh
;Vlqfh wkh xvh ri gxpplhv kdv riwhq ehhq txhvwlrqhg +xvxdoo| e| wkhrulvwv, wkh
dqdo|vlv zdv dovr grqh zlwk rqo| d ihz ri wkh yhu| odujh gxpp| yduldeohv lqfoxghg1
Wkh edvlf uhvxowv uhpdlqhg xqfkdqjhg/ exw wkh wkhruhwlfdo sdulw| frqglwlrqv rewdlqhg
ohvv vxssruw dqg wkh vwdelolw| ri wkh uhfxuvlyh whvwv zdv ohvv vdwlvidfwru|1 Khqfh/ wkh
uhvxowv vxjjhvwhg wkdw wkh vwdwlvwlfdoo| zhoo0ehkdyhg prgho surgxfhg hfrqrplfdoo|
pruh lqwhusuhwdeoh dqg *fohdqhu* uhvxowv1
57Wdeoh 8= Hljhqydoxhv/ wudfh whvwv/ dqg fkdudfwhulvwlf urrwv 1
Wkh wudfh whvw=
R  o :98 7 654
b ￿ 3174 3159 3146 313; 3138 3135 3134
T+u, 63< 499 ;9 7: 57 43 6
TbD 465 435 :9 86 68 53 <
Fkdudfwhulvwlf urrwv=
o '. 4133 4133 31<7 31<7 31;; 318: 316<
o 'e 413 413 413 31<: 31;: 318: 3173
o ' 413 413 413 413 31;7 3188 317:
vhqvlwlylw| ri wkh prgho wr wkh fkrlfh ri o zh kdyh dovr fdofxodwhg wkh
urrwv ri wkh fkdudfwhulvwlf sro|qrpldo1 Wkhuh duh dssur{lpdwho| irxu
*qhdu xqlw urrwv* lq wkh xquhvwulfwhg v|vwhp/ wkh fkrlfh ri o 'uhpryhv
doo odujh urrwv/ zkhuhdv o 'eohdyhv d qhdu xqlw urrw lq wkh prgho1 Zh
frqfoxgh wkdw o 'l vw k hd s s u r s u l d w hf k r l f hd q g /k h q f h /w k d ww k hw u h d 0
vxu| eloo udwhv kdyh ehhq vxemhfw wr shupdqhqw vkrfnv +glvwxuedqfhv,
zklfk duh qrw vkduhg e| wkh rwkhu yduldeohv ri wkh v|vwhp1 Wkhuhiruh/
wkh irxuwk vwrfkdvwlf wuhqg lv olnho| wr ghvfuleh wkh fxpxodwlyh lpsdfw ri
prqhwdu| lqwhuyhqwlrq vkrfnv1
Dgglqj yduldeohv wr wkh lqirupdwlrq vhw fdq fkdqjh suhylrxv qg0
lqjv ri orqj0uxq zhdn h{rjhqhlw|1 Dfwxdoo|/ d fkdqjh ri zhdn h{rjhqhlw|
vwdwxv lv d vljq ri fkdqjlqj orqj0uxq ihhgedfn dqg lv/ wkhuhiruh/ ri hfr0
qrplf lqwhuhvw1 Li/ iru h{dpsoh/ wkh vkruw0whup wuhdvxu| eloo udwhv duh
gulylqj wkh orqj0whup erqg udwhv/ wkhq lqfoxglqj wkh iruphu lq wkh dqdo0
|vlv vkrxog fkdqjh wkh suhylrxv qglqj ri zhdno| h{rjhqrxv erqg udwhv
dqg/ lqvwhdg/ zh zrxog qg wkdw wkh wuhdvxu| eloo udwhv duh zhdno| h{0
rjhqrxv1 Lq Wdeoh 9 wkh whvw uhvxowv ri zhdn h{rjhqhlw| duh uhsruwhg1
Wkh whvw vwdwlvwlfv/ dv|pswrwlfdoo| glvwulexwhg dv 2EDc vxjjhvw wkdw wkh
zhdn h{rjhqhlw| vwdwxv lv xqfkdqjhg iru wkh Jhupdq dqg XV orqj erqg
|lhog exw qrw iru wkh RRR h{fkdqjh udwhv1 Wkh whvw ri wkh Jhupdq dqg
XV erqg udwh ehlqj mrlqwo| zhdno| h{rjhqrxv lv dffhswhg zlwk d s0ydoxh
ri 31961
Dv zloo eh vkrzq ehorz lq Wdeoh :/ wkh RRR lv dgmxvwlqj wr doo wkuhh
frlqwhjudwlqj uhodwlrqv dowkrxjk yhu| vorzo| vr1 Wkhuhiruh/ wkh qglqj
wkdw wkh RRR lv forvh wr ehlqj zhdno| h{rjhqrxv grhv qrw lpso| wkdw
ixwxuh uhdo h{fkdqjh udwhv fdq guliw dzd| zlwkrxw dq| erxqgv/ exw rqo|
wkdw wkhuh lv d orw ri lqhuwld lq wkh pryhphqwv edfn wr lwv ixqgdphqwdo
ydoxh1 Dowkrxjk wkh suhglfwlyh ydoxh ri RRR| iru rqh0vwhs0dkhdg suh0
glfwlrqv pd| qrw eh yhu| kljk/ zkhq lw frphv wr suhglfwlrqv ryhu orqjhu
shulrg lw lv olnho| wr lqfuhdvh vxevwdqwldoo|1 Wklv lqwhusuhwdwlrq lv vwurqjo|
58Wdeoh 9= Whvwv ri orqj0uxq zhdn h{rjhqhlw|
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vxssruwhg e| wkh uhvxowv ri wkh orqj0uxq lpsdfw dqdo|vlv lq Vhfwlrq ;1
Wkhuhiruh/ zh frqvlghu lw ri fuxfldo lpsruwdqfh wr nhhs RRR| dv sduw ri
wkh mrlqw prgho1
:14 Vwuxfwxudo k|srwkhvlv whvwv
Dq dgydqwdjh ri wkh sulqflsoh ri *vshflf0wr0jhqhudo* lv wkdw zh fdq nhhs
wkh wzr vwhdg|0vwdwh uhodwlrqv irxqg lq wkh suhylrxv vhfwlrq xqdowhuhg1
Khqfh/ wkh *dgglwlrqdo* lpsdfw ri wkh wzr qhz yduldeohv rq wkh v|vwhp zloo
hvvhqwldoo| eh ghvfulehg e| wkh wklug frlqwhjudwlqj uhodwlrq1 Wr rewdlq
lqirupdwlrq derxw wkh *qhz* frlqwhjudwlrq uhodwlrq zh uvw hvwlpdwh wkh
sduwldoo| uhvwulfwhg orqj0uxq vwuxfwxuh q ' iM￿)￿cM 2) 2cjczkhuh M￿
dqg M2 duh wkh ghvljq pdwulfhv ri Vhfwlrq 8 dqg  lv dq xquhvwulfwhg
frlqwhjudwlrq yhfwru1 Wkh k|srwkhvlv zdv dffhswhg zlwk d s0ydoxh ri









vxjjhvwlqj wkdw wkh *qhz* frlqwhjudwlrq uhodwlrq frqwdlqv lqirupdwlrq
derxw uhdo wuhdvxu| eloo udwhv/ wkh erqg vsuhdg/ dqg wkh RRR h{fkdqjh
udwh1 Wklv ohg wr wkh iroorzlqj mrlqw k|srwkhvhv rq wkh ixoo frlqwhjudwlrq
vwuxfwxuh=
K￿ G q ' iM￿)￿cM 2) 2cM ￿) ￿jc +5:,
zkhuh wkh ghvljq pdwulfhv duh ghqhg dv=
M￿ '
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Wkh olnholkrrg udwlr vwdwlvwlf/ dv|pswrwlfdoo| 2EDc r iw k hq l q hr y h u l g h q 0
wli|lqj uhvwulfwlrqv zdv 51<5 dqg wkh vwuxfwxuh lv fohduo| dffhswdeoh zlwk
59Wdeoh := D vwuxfwxudo uhsuhvhqwdwlrq ri wkh frlqwhjudwlqj vsdfh1
.}e?eS|Jorq
E@RRo￿ |3￿@,￿er ￿? Ko@S&e|r￿
`e}|r k
E |3￿@,￿er ￿? Ko@S&e|r￿
Ydu 	 q ￿ 	 q 2 	 q ￿ Ht1 	 k￿ 	 k2 	 k￿
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Gv<4136 031334 31335 031335
frqvw1 31336 031336 31336
￿￿Wkh sss whup kdv ehhq glylghg e| 433
d s0ydoxh ri 31<:1 Lq Wdeoh : wkh hvwlpdwhv ri wkh lghqwlhg q￿￿ frh!0
flhqwv dqg wkhlu dv|pswrwlf vwdqgdug huuruv duh uhsruwhg1 Doo ri wkhp
duh vwurqjo| vljqlfdqw/ wkhuhe| lpso|lqj wkdw wkh vxjjhvwhg vwuxfwxuh
lv erwk irupdoo| dqg hpslulfdoo| lghqwlhg1 Wkh fruuhvsrqglqj dgmxvw0
phqw frh!flhqwv k￿￿ duh uhsruwhg zlwk w0ydoxhv lq eudfnhwv1 Wkh judskv
lq Dsshqgl{ LY vkrz wkh uhfxuvlyho| fdofxodwhg whvwv ri frqvwdqw q +l1h1
zkhwkhu wkh vdph q yhfwruv zrxog kdyh ehhq dffhswhg li wkh vdpsoh kdg
hqghg lq bH. n c ' ccee, dqg frqvwdqw k￿￿ iru q {hg dw wkh
ixoo vdpsoh ydoxh1 Wkh judskv ghprqvwudwh wkdw wkh hpslulfdo hhfwv
kdyh ehhq uhpdundeo| frqvwdqw ryhu wkh odvw 45 |hduv/ d wrwdo ri 477
revhuydwlrqv/ wkhuhe| uhixwlqj wkh Oxfdv* fulwltxh$
Wkh uvw wzr yhfwruv duh doprvw lghqwlfdo wr wkh wzr frlqwhjudwlqj
uhodwlrqv lq wkh vpdoo prgho/ looxvwudwlqj wkh lqyduldqfh ri wkh frlqwhjud0
wlrq surshuw|1 Wkh wklug yhfwru lv d ixqfwlrq ri uhdo vkruw0whup lqwhuhvw











| nf  ff2(bnf  ff
Wklv uhodwlrqvkls lv lqwhuhvwlqj vlqfh lw vxjjhvwv wkdw vkruw0whup uhdo
lqwhuhvw udwh sdulw| zrxog eh vdwlvhg dv d vwdwlrqdu| uhodwlrq li wkh
orqj0whup erqg vsuhdg lv vwdwlrqdu|1 Krzhyhu/ wkh qrqvwdwlrqdulw| ri
wkh erqg vsuhdg lv olnho| wr eh uhodwhg wr wkh qrqvwdwlrqdu| ghyldwlrqv
iurp wkh vwhdg|0vwdwh ydoxh ri wkh RRR udwh1
5:Hpslulfdoo|/ wklv phdqv wkdw rqo| lq shulrgv zkhq wkh RRR udwh kdv
uhwxuqhg wr lwv vwhdg|0vwdwh sdwk dqg wkh erqg |lhog glhuhqwldo kdv ehfrph
vwdwlrqdu| lv lw srvvleoh wr qg hylghqfh ri uhdo lqwhuhvw udwh sdulwlhv dv
wkh vwdwlrqdu| uhodwlrqv wkhru| zrxog suhglfw1
Wkxv wkh dqdo|vlv vxjjhvwv wkdw hpslulfdo vxssruw iru wkh wkhruhw0
l f d os d u l w l h vp l j k wy h u |z h o oe hi r x q gl qw k hg d w d /e x wd vo r q jd vw k h
hfrqrplhv vwd| dzd| iurp wkhlu ixqgdphqwdo vwhdg|0vwdwh srvlwlrqv/ gl0
uhfw hylghqfh lv xqolnho| wr eh irxqg1 Lq wkdw vhqvh wkh frlqwhjudwlqj
uhodwlrqvklsv zklfk zh kdyh hvwdeolvkhg frxog eh vdlg wr frqwdlq wkh
*wkhruhwlfdo* sdulwlhv dv d vshfldo fdvh1 Iru h{dpsoh/ lq wkh k|srwkhwlfdo
vlwxdwlrq zkhuh uhdo h{fkdqjh udwhv kdyh uhwxuqhg wr wkhlu vwhdg|0vwdwh
sdwk/ wkh RRR whup vkrxog eh vwdwlrqdu| dqg vr wkh fxuuhqw dffrxqw
vkrxog dovr eh edodqfhg1 Zlwk qr qhhg wr qdqfh wkh fxuuhqw dffrxqw/
wkh vsuhdg ehwzhhq erqg |lhogv vkrxog eh vwdwlrqdu| dqg wkh rwkhu sdu0
lwlhv zrxog dovr eh lqglylgxdoo| vwdwlrqdu|1
Iljxuh 8 vkrzv wkh judskv ri wkh wkuhh htxloleulxp huuru fruuhfwlrq
phfkdqlvpv zklfk fohduo| dsshdu yhu| vwdwlrqdu|1












Iljxuh 4= Wkh judskv ri wkh wkuhh htxloleulxp huuru fruuhfwlrq phfkd0
qlvpv
Wkh dgmxvwphqw frh!flhqwv +w0udwlrv lq eudfnhwv,/ uhsruwhg lq Wdeoh
:/ ri wkh uvw wzr uhodwlrqv duh vlplodu wr wkrvh ri wkh vpdoo v|vwhp/ zlwk
wkh h{fhswlrq wkdw wkh XV lq dwlrq udwh lv qrz vljqlfdqwo| dgmxvwlqj wr
doo uhodwlrqv1 Krzhyhu/ lw lv qrwhzruwk| wkdw wkh orqj0whup erqg udwhv
vkrz qr hylghqfh ri dgmxvwlqj wr dq| ri wkh orqj0uxq uhodwlrqv/ zkhuhdv
wkh wzr wuhdvxu| eloo udwhv duh vwurqjo| dgmxvwlqj wr wkh odvw wzr vwhdg|0
vwdwh uhodwlrqv1 Wklv vhhpv wr eh djdlqvw wkh h{shfwdwlrq*v k|srwkhvlv
5;Wdeoh ;= Wkh frpelqhg orqj0uxq hhfwv








































































































































































zklfk suhglfwv wkdw vkruw0whup lqwhuhvw udwhv vkrxog dfw dv h{rjhqrxv
yduldeohv dqg/ khqfh/ gulyh orqj0whup udwhv1 Wkh vljqlfdqw dgmxvwphqw
ri wkh XV vkruw udwh wr wkh frlqwhjudwlqj yhfwruv uh hfwv lwv uroh dv d
prqh| pdunhw ghwhuplqhg lqwhuhvw udwh/ exw wkh odfn ri dgmxvwphqw lq
wkh orqj0whup erqg udwhv vhhpv wr vxjjhvw wkdw wkh wudqvplvvlrq ri wkh
prqh| pdunhw hhfwv wr wkh orqj0udwhv lv qrw wkhuh/ ru rqo| zhdno| vr1
Wklv zloo eh ixuwkhu lqyhvwljdwhg lq wkh qh{w vhfwlrq1
:15 Wkh uroh ri vkruw0whup lqwhuhvw udwhv
Wr jdlq d ixuwkhu shuvshfwlyh rq wkh uroh ri wkh vkruw0 uhodwlyh wr wkh
orqj0whup lqwhuhvw udwhv zh uhsruw/ lq Wdeoh ;/ d frpsdudwlyh dqdo|vlv ri
wkh frpelqhg hhfwv/ dv phdvxuhg e| 	 ko	 q
￿
o ' 	 oc zkhuh wkh vxevfulsw o
vwdqgv iru wkh uhvwulfwhg hvwlpdwhv dv uhsruwhg lq Wdeohv 7 dqg :1
Lw dsshduv wkdw Jhupdq lq dwlrq lv hvvhqwldoo| xqdhfwhg e| wkh lq0
foxvlrq ri wkh wuhdvxu| eloo udwhv lqwr wkh dqdo|vlv1 Lw lv/ dv ehiruh/ ghwhu0
plqhg e| wkh orqj erqg udwh dqg XV lq dwlrq1
Wkh uhvxowv iru XV lq dwlrq vkrz wkdw wkh XV vkruw0whup wuhdvxu|
eloo udwh kdv qrz uhsodfhg wkh orqj0whup erqg udwhv lq wkh vpdoo v|v0
5<whp1 Krzhyhu/ wkh uhvxowv iru wkh XV wuhdvxu| eloo udwh vkrz vljqlfdqw
uhdfwlrq iurp wkh erqg |lhog vsuhdg1 Wkxv/ lw vhhpv olnho| wkdw wkh vkruw0
uxq hhfwv jr iurp erqg udwhv lq xhqflqj wuhdvxu| eloo udwhv/ lq xhqflqj
lq dwlrq udwhv1 Krzhyhu/ wkh uhvxowv lq Wdeoh 43/ qh{w vhfwlrq/ vkrz
wkdw wkh orqj0uxq lpsdfw rq XV lq dwlrq ghulyhv iurp shupdqhqw vkrfnv
wr wkh vkruw0whup wuhdvxu| eloo udwhv/ exw wkh hhfw lv srvlwlyh dqg qrw
qhjdwlyh<$
Frqvlvwhqw zlwk wkh zhdn h{rjhqhlw| uhvxowv ri Wdeoh 9/ wkh htxdwlrqv
iru wkh Jhupdq dqg XV erqg udwh h{klelw kdugo| dq| vljqlfdqw hhfwv1
Wkh RRR whup lv vljqlfdqwo| dhfwhg e| wkh erqg dqg wkh vkruw0whup
vsuhdg/ vxfk wkdw wkh XV' dssuhfldwhv zlwk dq lqfuhdvlqj erqg vsuhdg
dqg ghsuhfldwhv zlwk dq lqfuhdvlqj wuhdvxu| eloo vsuhdg1
Wkh uhvxowv iru wkh vkruw0whup wuhdvxu| eloo htxdwlrqv vkrz vwurqj
dgmxvwphqw wr hvvhqwldoo| doo ghwhuplqdqwv h{fhsw iru lq dwlrq udwhv$ Wkh
odfn ri vljqlfdqw lq dwlrqdu| hhfwv lq doo irxu lqwhuhvw udwh htxdwlrqv
lv yhu| surqrxqfhg1 Wklv lv wr eh frqwudvwhg zlwk wkh vljqlfdqw lqwhuhvw
udwh hhfwv lq wkh lq dwlrq udwh htxdwlrqv$ Wkhvh duh yhu| vwurqj uhvxowv
dqg kdyh dovr ehhq irxqg lq Gdqlvk/ Vsdqlvk/ dqg Lwdoldq gdwd +Mxvholxv/
4<<5/ Mxvholxv dqg Wrur/ 4<<</ Mxvholxv dqg Jhqqdul/ 4<<<,1
:16 D vkruw0uxq dgmxvwphqw prgho43
Xvlqj wkh lghqwlhg frlqwhjudwlrq uhodwlrqv uhsruwhg lq Wdeoh : zh uvw
hvwlpdwhg d pxowlyduldwh g|qdplf htxloleulxp huuru fruuhfwlrq prgho
iru wkh ixoo v|vwhp1 Ehfdxvh XV erqg udwh zdv irxqg wr eh vwurqjo|
h{rjhqrxv zh uh0hvwlpdwhg wkh v|vwhp frqglwlrqdo rq wkh pdujlqdo prgho
iru XV erqg udwh1 E| uvw uhprylqj lqvljqlfdqw odjjhg yduldeohv iurp
wkh v|vwhp edvhg rq d I0whvw dqg wkhq uhprylqj lqvljqlfdqw frh!flhqwv
iurp wkh htxdwlrqv edvhg rq d Olnholkrrg Udwlr whvw zh duulyhg dw wkh
iroorzlqj sduvlprqlrxv prgho=
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n
< Wklv lv d iuhtxhqw hpslulfdo qglqj/ wkh vr fdoohg sulfh sx}}oh1
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zkhuh
eS6'{ Rf  {RW  fS.,  fff(bnf  ff
eS62'E  W ,{ R WE  ,{ R nf  ffbSRRR  fff2(bnf  ff
eS6'E  W r{ R WE  r{ R   DeEW,  ,  fff2(bnf  ff
dqg wkh r0gldjrqdo whupv ri wkh 	 PEo￿￿ pdwul{ duh jlyhq dv uhvlgxdo fru0
uhodwlrqv/ zkhuhdv wkh gldjrqdo whupv fruuhvsrqg wr wkh uhvlgxdo vwdq0
gdug huuruv441 H{fhsw iru d qhjdwlyh fruuhodwlrq ehwzhhq wkh vkrfnv wr wkh
Jhupdq lqwhuhvw udwhv +03188, wkh uhvlgxdo furvv fruuhodwlrqv duh hvvhq0
wldoo| }hur1 Wkh hvwlpdwhg frh!flhqwv ri wkh lqfoxghg gxpp| yduldeohv
duh suhvhqwhg lq Dsshqgl{ L1 Wkh OU whvw ri ryhulghqwli|lqj uhvwulfwlrqv/
glvwulexwhg dv 2ESc zdv 4891: dqg wkh uhvwulfwlrqv zhuh dffhswhg zlwk
d s0ydoxh ri 31441 Ri wkh 469 h{foxvlrq uhvwulfwlrqv rqo| 45 duh uhodwhg
wr wkh v|vwhp yduldeohv1 Wkh odwwhu zhuh dffhswhg zlwk d s0ydoxh ri 31:41
Wkh uhpdlqlqj uhvwulfwlrqv duh dvvrfldwhg zlwk wkh pdq| lqwhuyhqwlrq
gxpplhv qhhghg wr dffrxqw iru wkh wxuexohqw pryhphqwv lq XV wuhdvxu|
eloo udwh gxulqj wkh shulrg ri prqhwdu| wdujhwlqj lq wkh ehjlqqlqj ri wkh
hljkwlhv1 Lq dgglwlrq wkh prqwko| vhdvrqdo gxpp| yduldeohv duh rqo|
lqfoxghg lq wkh XV dqg Jhupdq lq dwlrq udwh htxdwlrqv1
Lq whupv ri wkh frqwhpsrudqhrxv hhfwv/ zh qrwh wkdw wkh zhdno| h{0
rjhqrxv XV erqg udwh kdv d shuydvlyh hhfw/ dsshdulqj lq doo htxdwlrqv/
44Qrwh wkdw wkh vwdqgdug ghyldwlrq ri wkh uhvlgxdov iurp wkh prqwko| fkdqjhv lq
FSL lq dwlrq udwhv lv dssur{lpdwho| 315(1
64zkhuhdv d fkdqjh lq wkh Jhupdq erqg udwh rqo| kdv dq lpphgldwh hhfw
rq wkh Jhupdq wuhdvxu| eloo udwh1 Wkh hhfw ri odjjhg fkdqjhv wr wkh
v|vwhp yduldeohv duh dowrjhwkhu yhu| prghvw1
Wkh vljqlfdqw dgmxvwphqw hhfwv ri wkh huuru fruuhfwlrq whupv duh
qrwdeoh1 Erwk lq dwlrq udwhv duh vwurqjo| dgmxvwlqj wr eS6c wkh Jhupdq
lq dwlrq uhodwlrq/ dqg eS62c wkh orqj0whup uhdo lqwhuhvw sdulw| uhodwlrq/
exw Jhupdq lq dwlrq pxfk vwurqjhu wr eS6 d q gX Vl q  d w l r qp x f k
vwurqjhu wr eS62 Wkh dgmxvwphqw frh!flhqwv wr wkh wzr eS6 whupv duh
qhjdwlyh erwk lq wkh Jhupdq dqg XV lq dwlrq htxdwlrqv zklfk pljkw
vhhp vxusulvlqj1 Wr eh deoh wr lqwhusuhw wklv uhvxow zh kdyh fdofxodwhg
wkh xqghuo|lqj vwhdg|0vwdwh uhodwlrq/ ehlqj d frpelqdwlrq ri wkh vljql0
fdqw hfp*v zhljkwhg e| wkh dgmxvwphqw frh!flhqwv/ iru hdfk ri wkh wzr
lq dwlrq udwhv1
Iru wkh Jhupdq lq dwlrq udwh wkh frpelqhg hhfwv ehfdph=
{R 'f  H{R
W nf  Db
, nf  2
,W nf  ffRRR
dqg iru wkh XV lq dwlrq=
{R
W 'f  2{R nf  SH
,W nf  SDE
,W  
,nf  ffRRR
Lw dsshduv wkdw Jhupdq lq dwlrq kdv dgmxvwhg krprjhqhrxvo| wr Jhu0
p d qd q gX Ve r q gu d w h vd q gw rX Vl q  d w l r q 1X Vl q  d w l r qk d vv l p l o d u o |
dgmxvwhg krprjhqhrxvo| wr wkh Jhupdq lq dwlrq udwh dqg wkh XV erqg
udwh/ dqg dgglwlrqdoo| dovr wr wkh erqg udwh udwh vsuhdg1 Dowrjhwkhu/
wkh uhvxowv vhhp wr lqglfdwh wkdw wkh orqj0whup lqwhuhvw udwhv sod| d yhu|
ixqgdphqwdo uroh iru ghwhuplqdwlrq ri lq dwlrq udwhv lpso|lqj wkdw wkh
frvw ri orqj0whup qdqflqj kdv dq lpsruwdqw hhfw rq sulfhv1 Ixuwkhu0
pruh/ XV lq dwlrq lv htxloleulxp huuru fruuhfwlqj wr wkh RRR whup +wkrxjk
qrw vx!flhqwo| idvw wr uhvwruh ixqgdphqwdo htxloleulxp h{fkdqjh udwhv,
zkhuhdv wkh RRR hhfw rq Jhupdq lq dwlrq lv qhjoleoh1
Wkh Jhupdq erqg udwh lv rqo| yhu| zhdno| uhdfwlqj wr eS6c l1h1 wr
*h{fhvv* Jhupdq lq dwlrq frqvlvwhqw zlwk wkh suhylrxv qglqj wkdw lw lv
hvvhqwldoo| zhdno| h{rjhqrxv1 Wkh wzr wuhdvxu| eloo udwhv dqg wkh RRR
whup dgmxvw vlploduo| wr eS62 dqg eS6c l1h1 wr ghyldwlrqv iurp wkh orqj0
whup dqg vkruw0whup uhdo lqwhuhvw udwh sdulw| frqglwlrqv1 Wr idflolwdwh
lqwhusuhwdwlrq zh dovr ghulyh wkh frpelqhg vwhdg| vwdwh uhodwlrqv iru
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iru XV wuhdvxu| eloo udwh=
65
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dqg qdoo| iru wkh RRR whup=
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Wkxv/ wkh wuhdvxu| eloo udwhv dgmxvw vwurqjo| wr wkh orqj0whup erqg
vsuhdg/ exw dovr wr wkh ghyldwlrq iurp wkh RRR d q gw k hl q  d w l r qu d w h
glhuhqwldo1
Wkh RRR whup dgmxvwv krprjhqhrxvo| wr wkh lq dwlrq vsuhdg dqg wkh
vkruw0whup lqwhuhvw vsuhdg dqg vkrzv d vwurqj qhjdwlyh hhfw iurp wkh
XV0Jhupdq orqj0whup erqg vsuhdg1 Wkh uhvxowv frqup wkh fuxfldo uroh
ri wkh orqj0whup/ exw dovr wkh vkruw0whup lqwhuhvw udwhv iru wkh ghyhors0
phqw ri wkh uhdo h{fkdqjh udwhv lq wklv shulrg1 Lw lv txlwh lqwhuhvwlqj wkdw
dq lqfuhdvh lq wkh vsuhdg ehwzhhq XV dqg Jhupdq erqg udwhv lv dvvrfl0
dwhg zlwk dq dssuhfldwlrq ri wkh groodu/ zkhuhdv wkh rssrvlwh lv wkh fdvh
zlwk dq lqfuhdvh lq wkh vkruw vsuhdg dqg wkh lq dwlrq udwh glhuhqwldo1
Dowrjhwkhu wkh uhvxowv vhhp wr vxjjhvw wkdw wkh uhvhuyh fxuuhqf| +vdih
kdyhq, hhfw ri wkh groodu kdv lqghhg suhyhqwhg wkh dgmxvwphqw wrzdugv
htxloleulxp h{fkdqjh udwhv dqg uhvxowhg lq wkh ryhuydoxhg groodu1 Wkh
qhhg wr qdqfh wkh orz XV vdylqj gulyhv xs wkh XV erqg udwh uhodwlyh wr
wkh Jhupdq udwh dqg wkh lqfuhdvh lq wkh erqg |lhog uhvxowv lq wkh XV'
dssuhfldwlqj/ pdnlqj wkh dgmxvwphqw wrzdugv vwdwlrqdu| uhdo h{fkdqjh
udwhv yhu| vorz1
; Zhdn h{rjhqhlw| dqg wkh orqj0uxq lpsdfw ri vkrfnv
Zh qrwhg deryh wkdw wkh Jhupdq dqg XV orqj erqg |lhogv duh zhdno|
h{rjhqrxv iru wkh orqj0uxq sdudphwhuv q lpso|lqj wkdw wkh| dfw dv guly0
lqj yduldeohv +d frpprq vwrfkdvwlf wuhqg, lq wkh v|vwhp1 E| lqyhuwlqj
wkh YDU vxemhfw wr wkh uhgxfhg udqn uhvwulfwlrq 'kq
￿ zh jhw wkh vr













zkhuh  ' qzEk￿
zKqz3￿k￿
zc WE u lv dq lqqlwh sro|qrpldo lq wkh odj
rshudwru uc dqg ~f lv d ixqfwlrq ri wkh lqlwldo ydoxhv1 Edvhg rq +5;, lw lv
srvvleoh wr fdofxodwh wkh lpsxovh uhvsrqvhv ri d vkrfn wr rqh yduldeoh dqg
krz lw lv wudqvplwwhg ryhu wlph zlwklq wkh v|vwhp1 Lqvwhdg ri uhsruwlqj
66Wdeoh <= Wkh hvwlpdwhv ri wkh orqj0uxq lpsdfw pdwul{ F








































































































wkh lpsxovh uhvsrqvh ixqfwlrqv iru d xqlwdu| fkdqjh ri 	 0￿|c 45 zh uhsruw
rqo| wkh qdo lpsdfw pdwul{/  lq Wdeoh <1
Wkh hvwlpdwhv ri wkh froxpqv ri wkh  pdwul{ lq Wdeoh < phdvxuhv
wkh wrwdo lpsdfw ri shupdqhqw vkrfnv wr hdfk ri wkh yduldeohv rq doo rwkhu
yduldeohv ri wkh v|vwhp1 D urz ri wkh  pdwul{ jlyhv dq lqglfdwlrq ri
zklfk yduldeohv kdyh ehhq sduwlfxoduo| lpsruwdqw iru wkh vwrfkdvwlf wuhqg
ehkdylru ri wkh yduldeoh lq wkdw vshflf urz1 Wkh w0udwlrv lq sduhqwkh0
vlv duh edvhg rq wkh dv|pswrwlf vwdqgdug huuruv vxjjhvwhg e| Sduxror
+4<<:,1
Wkhvh uhvxowv uhlqirufh rxu suhylrxv qglqjv iurp wkh dqdo|vlv ri wkh
orqj0uxq uhodwlrqv1 Zh qrwh wkdw fxpxodwlyh vkrfnv wr wkh lq dwlrq udwhv
kdyh qr vljqlfdqw orqj0uxq lpsdfw rq dq| ri wkh yduldeohv/ dffhqwxdwlqj
rxu suhylrxv qglqjv wkdw lq dwlrq udwhv duh vroho| dgmxvwlqj lq wklv v|v0
whp/ exw qrw sxvklqj1 Zh dovr qrwh wkdw wkh wzr orqj whup erqg |lhogv
kdyh vljqlfdqw fxpxodwlyh lpsdfwv rq vkruw whup lqwhuhvw udwh |lhogv/
wkh RRR whup dqg wr vrph h{whqw dovr rq lq dwlrq udwhv/ zkhuhdv vkrfnv
wr wkh vkruw0whup lqwhuhvw udwhv kdyh qr orqj0uxq lpsdfw rq wkh erqg
udwhv1 Wkh odwwhu uhvxow lv djdlq lq frq lfw zlwk wkh edvlf suhplvh ri
wkh h{shfwdwlrqv k|srwkhvlv ri wkh whup vwuxfwxuh1 Ixuwkhupruh/ shupd0
qhqw vkrfnv wr wkh vkruw0whup XV wuhdvxu| eloo udwh gr kdyh d shupdqhqw
srvlwlyh lpsdfw rq lq dwlrq udwhv1 Wkxv/ lqfuhdvhv lq wkh XV vkruw0whup
lqwhuhvw udwh whqg wr lqfuhdvh lq dwlrq dqg qrw wkh rwkhu zd| durxqg1
Shupdqhqw vkrfnv wr wkh RRR whup duh dovr lpsruwdqw dv wkh| kdyh d
vljqlfdqw orqj0uxq lpsdfw rq lq dwlrq udwhv dqg vkruw whup eloo |lhogv1
Wkhuhiruh/ wkh uhvxowv vwurqjo| vxjjhvw wkdw wkh ghyhorsphqwv lq *zruog*
qdqfldo pdunhwv/ dv phdvxuhg e| wkh grplqdqw udwh |lhogv 0 wkh XV dqg
45Qrwh wkdw wkh a %lw duh doprvw ruwkrjrqdo dv ghprqvwudwhg lq Vhfwlrq :161
67Jhupdq orqj udwhv dqg wkh wuhdvxu| eloo udwhv 0 duh gulylqj wklv v|vwhp
dqg lq dwlrq udwhv duh hvvhqwldoo| dgmxvwlqj1 Wklv odwwhu qglqj uhlq0
irufhv wkh srlqw pdgh hduolhu wkdw wkh Ilvkhu frqglwlrqv gr qrw vhhp wr
zrun lq wkh suhglfwhg pdqqhu1
< Vxppdu| dqg frqfoxvlrqv
Wklv sdshu kdv hpslulfdoo| h{dplqhg wkh mrlqw ghwhuplqdwlrq ri d qxpehu
ri nh| sdulw| frqglwlrqv iru Jhupdq| dqg wkh XV xvlqj prqwko| gdwd
iurp wkh uhfhqw h{shulhqfh zlwk  rdwlqj h{fkdqjh udwhv1 Wkh ixoo yhfwru
ri yduldeohv frqvlghuhg lq wklv sdshu/ frqvlvwhg ri wkh Jhupdq Pdun0
XV groodu h{fkdqjh udwh/ sulfhv/ vkruw whup lqwhuhvw udwhv dqg orqj whup
lqwhuhvw udwhv1 Zh xvhg wkh frlqwhjudwhg YDU prgho wr ghqh orqj0
uxq vwdwlrqdu| uhodwlrqvklsv dv zhoo dv frpprq vwrfkdvwlf wuhqgv/ dqg
d jhqhudo0wr0vshflf dssurdfk wr surgxfh sduvlprqlrxv g|qdplf vkruw0
uxq htxdwlrqv1 Lq frqvwuxfwlqj rxu orqj0uxq uhodwlrqvklsv zh dgyrfdwhg
d vshflf0wr0jhqhudo dssurdfk/ lq zklfk zh lqlwldoo| h{foxghg wkh vkruw
whup lqwhuhvw udwhv iurp rxu frlqwhjudwlrq dqdo|vlv1 Zh qrz vxppdul}h
rxu pdlq qglqjv1
Wkh uhvxowv vwurqjo| uhmhfwhg wkh vwdwlrqdulw| k|srwkhvlv ri wkh *sxuh*
sdulw| frqglwlrqv1 Krzhyhu/ e| doorzlqj wkhp wr eh lqwhughshqghqw vwd0
wlrqdulw| zdv uhfryhuhg1 Wkh lpsruwdqw qglqj zdv wkdw wkh qrqvwd0
wlrqdulw| ri wkh *vlpsoh* sdulw| uhodwlrqvklsv zdv sulpdulo| uhodwhg wr wkh
qrqvwdwlrqdulw| ri wkh RRR h{fkdqjh udwh dqg wkh orqj0whup erqg udwh
glhuhqwldo1 Dq reylrxv lqwhusuhwdwlrq ri wkh uhvxowv zdv wkdw wkh odfn
ri hpslulfdo vxssruw iru wkh vlpsoh sdulw| frqglwlrqv zdv gxh wr wkh
odfn ri +ru yhu|/ yhu| vorz, dgmxvwphqw wr d vwdwlrqdu| RRR vwhdg| vwdwh
dqg lqfuhdvlqj orqj0whup erqg vsuhdgv dv d sodxvleoh frqvhtxhqfh ri wkh
odwwhu1 Wkxv/ wkh wkhruhwlfdo dvvxpswlrq ri vwdwlrqdu| sdulw| frqglwlrqv
dsshduhg wr eh d vshfldo fdvh ri d pruh jhqhudo irupxodwlrq doorzlqj iru
shuvlvwhqw ghyldwlrqv iurp vwhdg|0vwdwh dqg/ khqfh/ pdunhw idloxuh lq d
vlpsoh prgho iudphzrun1
Wkhuhiruh/ wkh wkhruhwlfdo dvvxpswlrq ri wzr frpprq gulylqj wuhqgv
kdg wr eh uhsodfhg e| wkh hpslulfdo qglqj ri irxu frpprq wuhqgv/
k|srwkhwl}hg dv= +4, d qrplqdo sulfh wuhqg gulylqj wkh jrrgv pdunhw/ +5,
d wuhqg ghvfulelqj uhodwlyh qdwlrqdo vdylqjv ehkdylru/ +6, d *vdih kdyhq*
wuhqg fdswxulqj wkh uroh ri wkh groodu dv d zruog uhvhuyh fxuuhqf|/ dqg
+7, d vkruw0whup fdslwdo pdunhw wuhqg ghvfulelqj fhqwudo edqn srolf|
ehkdylru1
Qrw vxusulvlqjo|/ wkh hpslulfdo prglfdwlrq ri wkh ruljlqdo sdulw|
frqglwlrqv dv d uhvxow ri wkh deryh *pdunhw idloxuh* wuhqgv/ surgxfhg
d qxpehu ri qhz uhvxowv uhodwhg wr wkh g|qdplfv ri wkh lqwhuqdwlrqdo
wudqvplvvlrq phfkdqlvp1 Vrph ri wkh pdmru +hpslulfdoo| vwurqj, qg0
68lqjv zhuh wkh iroorzlqj=
41 Lq wkh elj v|vwhp ri lq dwlrq udwhv/ RRR h{fkdqjh udwhv/ 43 |hdu
erqg udwhv dqg 6 prqwkv wuhdvxu| eloo udwhv/ lw zdv wkh XV dqg
Jhupdq orqj0whup erqg udwhv zklfk zhuh wkh pdlq gulylqj irufhv
dqg qrw wkh vkruw0whup lqwhuhvw udwhv1
51 XV dqg Jhupdq lq dwlrq udwhv zhuh vwurqjo| dgmxvwlqj wr wkh rwkhu
yduldeohv ri wkh v|vwhp/ sulpdulo| wr wkh erqg udwhv dqg wkh uhdo
 h{fkdqjh udwhv/ exw wkh| zhuh qrw dhfwlqj wkh rwkhu ydul0
deohv/ lq sduwlfxodu/ wkh| glg qrw sxvk qrplqdo lqwhuhvw udwhv1
61 Wkh qrqvwdwlrqdu| pryhphqwv lq wkh erqg dqg lq dwlrq udwh gli0
ihuhqwldo zhuh forvho| uhodwhg wr wkh qrqvwdwlrqdu| pryhphqwv lq
wkh RRR h{fkdqjh udwh1
71 Wkh vkruw0whup lqwhuhvw udwhv +wkh 6 prqwkv wuhdvxu| eloo udwhv,
zhuh lpsruwdqw iru wkh ghwhuplqdwlrq ri wkh RRR h{fkdqjh udwh
erwk lq wkh vkruw dqg wkh orqj uxq1 Wkh| kdg hvvhqwldoo| qr lpsdfw
rq wkh erqg udwhv dqg wkh lq dwlrq udwhv/ zlwk wkh fdyhdw wkdw XV
vkruw udwh kdg d srvlwlyh +frvw sxvk, hhfw rq XV lq dwlrq1
81 Shupdqhqw vkrfnv wr orqj0whup dv zhoo dv vkruw0whup lqwhuhvw udwhv
kdg d srvlwlyh orqj0uxq lpsdfw rq lq dwlrq/ vljqli|lqj wkh frvw
hhfw ri lqwhuhvw udwhv rq fdslwdo vwrfn1
Wkh deryh qglqjv zhuh vkrzq wr eh uhpdundeoh urexvw +hpslulfdoo|
dv zhoo dv hfrqrphwulfdoo|, ryhu d shulrg ri ixqgdphqwdo fkdqjhv dqg
khqfh/ frxog qrw eh glvfdughg dv vdpsoh ghshqghqw uhvxowv1 Wkh| vhhphg
wr vxjjhvw wkdw=
41 Wkh uroh ri wkh groodu dv d uhvhuyh fxuuhqf| +wkh *vdih kdyhq* hhfw,
kdv idflolwdwhg uhodwlyho| fkhds qdqflqj ri wkh odujh XV fxuuhqw df0
frxqw ghflwv lq wklv shulrg1 Wklv pljkw h{sodlq rqh ri wkh *pdunhw
idloxuh* sx}}ohv= zk| dq dghtxdwh dgmxvwphqw wrzdug sxufkdvlqj
srzhu sdulw| ehwzhhq XVD dqg Jhupdq| kdv qrw wdnhq sodfh1
51 Wkh odujh glhuhqfhv ehwzhhq qdwlrqdo vdylqjv udwhv vhhphg wr eh
dq lpsruwdqw uhdvrq zk| wkh orqj0whup erqg udwhv zhuh irxqg wr
eh vr fuxfldo lq wklv v|vwhp1
61 Wkrxjk wkh uroh ri fhqwudo edqn srolf| iru vwdelol}lqj wkh vkruw0
whup fdslwdo pdunhw kdv hylghqwo| ehhq fuxfldo dv wkh wxuexohqw
|hduv ri prqhwdu| wdujhwlqj lq wkh hljkwlhv ghprqvwudwhg/ lwv uroh
iru frqwuroolqj lq dwlrq vhhphg pxfk pruh prghvw wkdq lv xvxdoo|
eholhyhg1
69Krzhyhu/ dowkrxjk wkh qrq0vwdwlrqdu| ri wkh sdulwlhv zloo glvdsshdu
zlwk wkh glvdsshdudqfh ri rwkhu glvhtxloleuld lq wkh hfrqrp|/ lq wkh
suhvhqfh ri iuhh fdslwdo pryhphqwv zh gr qrw eholhyh wkdw wkh sdulw|
uhyhuvdov lq wkh whup vwuxfwxuh dqg Ilvkhu uhodwlrqvklsv/ zloo glvdsshdu1
Wkh odwwhu qglqj zrxog dsshdu wr kdyh lpsruwdqw srolf| lpsolfdwlrqv1
Ilqdoo|/ e| mrlqw prghoolqj ri wkh sdulwlhv zh kdyh pdqdjhg qrw rqo|
wr uhfryhu vwdwlrqdu| sdulw| frqglwlrqv/ exw dovr wr ghvfuleh wkh yduldwlrq
ri wkh gdwd zlwk d uhpdundeoh ghjuhh ri suhflvlrq dv hylghqfhg e| wkh
yhu| vpdoo uhvlgxdo vwdqgdug huuruv1 Khqfh/ wkh uhvxowv vkrxog eh xvhg
dv d ehqfkpdun djdlqvw zklfk wkh uhvxowv ri rwkhu prghov/ srvvleo| zlwk
pruh wkhru| frqwhqw/ frxog eh hydoxdwhg1
6:43 Uhihuhqfhv
Fdpsehoo/ M1\1 +4<<8,/ *Vrph Ohvvrqv iurp wkh \lhog Fxuyh*1 Mrxuqdo
ri Hfrqrplf Shuvshfwlyhv/ Yro1 </ 6/ ss145<0851
Fdpsehoo/ M1\1 dqg Vkloohu/ U1 +4<;:,/ *Frlqwhjudwlrq dqg whvwv ri
suhvhqw ydoxh prghov*/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 <8/ 43950;;1
Fkhxqj/ \0Z dqg N1V1 Odl +4<<6,/ *Orqj0Uxq Sxufkdvlqj Srzhu
Sdulw| Gxulqj wkh Uhfhqw Iordw*/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/
Yro1 67/ ss 4;40<51
Fxpe|/ U1 dqg P Revwihog +4<;4,/ *H{fkdqjh Udwh H{shfwdwlrqv
dqg Qrplqdo Lqwhuhvw Udwhv= D whvw ri wkh Ilvkhu K|srwkhvlv*/ Mrxuqdo
ri Ilqdqfh/ 69/ 9<:0:361
Grruqln/ M1D1 dqg Khqgu|/ G1I1 +4<<;,/ *JlyhZlq1 Dq Lqwhuidfh wr
Hpslulfdo Prghoolqj*/ Wlpehuodnh Frqvxowdqwv1
Gruqexvfk/ U1 +4<:9,/ *H{shfwdwlrqv dqg H{fkdqjh Udwh G|qdplfv*
Mrxuqdo ri Srolwlfdo Hfrqrp|/ss 44940:91
Iurrw/ N1 dqg Urjr/ N1 +4<<8, *Shuvshfwlyhv rq  dqg Orqj0Uxq
Uhdo H{fkdqjh Udwhv*/ lq Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro 6/
+hgv1,/ H1 Jurvvpdq dqg N1 Urjr/ Yro1 6 Dpvwhugdp= Qruwk Kroodqg1
Kdoozrrg/ S1 dqg PdfGrqdog/ U1 +4<<<,/ Lqwhuqdwlrqdo Prqh| dqg
Ilqdqfh/ Wklug Hglwlrq/ R{irug= Edvlo Eodfnzhoo1
Kdqvhq/ K1 dqg Mrkdqvhq/ V1 +4<<<,/ *Uhfxuvlyh hvwlpdwlrq lq frlq0
whjudwhg T - 0prghov*/ Wkh Hfrqrphwulf Mrxuqdo1
Kdqvhq/ K1 dqg Mxvholxv/ N1 +4<<7,/ *FDA7 lq UDA7/P d q x d ow r
Frlqwhjudwlrq Dqdo|vlv ri Wlph Vhulhv*/ Hvwlpd/ Hydqvwrqh/ LO1
Khqgu|/ G1I1 dqg Pl}rq/ J1H1 +4<<6,/ *Hydoxdwlqj hfrqrphwulf prg0
hov e| hqfrpsdvvlqj wkh YDU1* Lq Prghov/ Phwkrgv dqg Dssolfdwlrqv ri
Hfrqrphwulfv/ hg1 Skloolsv/ S1F1/ Eodfnzhoo/ Edvlo1
Mrkdqvhq/ V1 +4<<8d,/ *D vwdwlvwlfdo dqdo|vlv ri frlqwhjudwlrq iru UE2yduldeohv*/
Hfrqrphwulf Wkhru| 44/ 5808<1
Mrkdqvhq/ V1 dqg Mxvholxv/ N1 +4<<5,/ *Whvwlqj vwuxfwxudo k|srwkhvhv
lq d pxowlyduldwh frlqwhjudwlrq dqdo|vlv ri wkh dqg wkh LU iru
XN*/ Mrxuqdo ri Hfrqrphwulfv 86/ 54405771
Mrkdqvhq/ V1 dqg Mxvholxv/ N1 +4<<7,/ *Lghqwlfdwlrq ri wkh orqj0uxq
dqg wkh vkruw0uxq vwuxfwxuh/ Dq dssolfdwlrq wr wkh LVOP prgho/* Mrxuqdo
ri Hfrqrphwulfv/ 96/ :0691
Mxvholxv/ N +4<<4,/ *Orqj0uxq uhodwlrqv lq d zhoo ghqhg vwdwlvwlfdo
prgho iru wkh gdwd jhqhudwlqj surfhvv= Frlqwhjudwlrq dqdo|vlv ri wkh
 dqg LU uhodwlrqv ehwzhhq Ghqpdun dqg Jhupdq|* lq M1 Jux0
ehu +hg1,/ Hfrqrphwulf ghflvlrq prghov= Qhz phwkrgv ri prgholqj dqg
dssolfdwlrqv/ Vsulqjhu Yhuodj/ Qhz \run/ Q\1
Mxvholxv/ N1 +4<<5,/ *Grphvwlf dqg iruhljq hhfwv rq sulfhv lq dq rshq
hfrqrp|1 Wkh fdvh ri Ghqpdun*/ Mrxuqdo ri Hfrqrplf Srolf| Prgholqj
6;47/ 734075;1
Mxvholxv/ N1 +4<<7,/ *YDU prghov dqg Kddyhopr*v suredelolw| ds0
surdfk wr pdfurhfrqrplf prgholqj*/ Hpslulfdo Hfrqrplfv/ 4;/ 8<;09551
Mxvholxv/ N1 +4<<8,/ *Gr sxufkdvlqj srzhu sdulw| dqg xqfryhuhg lq0
whuhvw udwh sdulw| krog lq wkh orqj uxqB Dq h{dpsoh ri olnholkrrg lqihu0
hqfh lq d pxowlyduldwh wlph0vhulhv prgho* Mrxuqdo ri Hfrqrphwulfv/ 9</
54405731
Mxvholxv/ N1 +4<<<d,/ *Prghov dqg Uhodwlrqv lq Hfrqrplfv dqg Hfrqr0
phwulfv*/ Mrxuqdo ri Hfrqrplf Phwkrgrorj| 9=5/ 58<05<3/
Mxvholxv/ N1 dqg U1 PdfGrqdog +5333,/ *Lqwhuhvw udwh dqg sulfh olqn0
djhv ehwzhhq wkh XVD dqg Mdsdq= Hylghqfh iurp wkh srvw Euhwwrq
Zrrgv shulrg* Xqsxeolvkhg uhsruw/ Hxurshdq Xqlyhuvlw| Lqvwlwxwh1
Nuxjpdq/ S1 +4<<6,/ *H{fkdqjh0Udwh Lqvwdelolw|* Wkh PLW Suhvv/
Fdpeulgjh/ Pdvvdfkxvhwwv1
Nxjohu/ S1 dqg F Ohq} +4<<6,/ *Pxowlyduldwh Frlqwhjudwlrq Dqdo|vlv
dqg wkh Orqj0Uxq Ydolglw| ri */ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/
:8/ 4;3071
Orwkldq/ M1 +4<<:,/ *Pxowl0frxqwu| hylghqfh rq wkh ehkdylrxu ri sxu0
fkdvlqj srzhu sdulw| xqghu wkh fxuuhqw  rdw*/ Mrxuqdo ri Lqwhuqdwlrqdo
Prqh| dqg Ilqdqfh1
PdfGrqdog/ U1 +4<;;,/ Iordwlqj H{fkdqjh Udwhv= Wkhrulhv dqg Hyl0
ghqfh / Orqgrq= Doohq dqg Xqzlq1
PdfGrqdog/ U1 +4<<6,/ *Orqj0uxq sxufkdvlqj srzhu sdulw|= lv lw iru
uhdoB*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :8/ 9<309<81
PdfGrqdog/ U1 +4<<8,/ *Orqj0uxq h{fkdqjh udwh prghoolqj= d vxuyh|
ri wkh uhfhqw hylghqfh*/ Lqwhuqdwlrqdo Prqhwdu| Ixqg Vwd Sdshuv/7 5
PdfGrqdog/ U1 dqg Pduvk/ L1Z1 +4<<:, *Rq Ixqgdphqwdov dqg H{0
fkdqjh Udwhv= D Fdvvholdq Shuvshfwlyh*/ Uhylhz ri Hfrqrplfv dqg Vwdwlv0
wlfv/ :;/ 98809971
PdfGrqdog/ U1 dqg Pduvk/ L1Z1 +4<<<,/ H{fkdqjh Udwh Prghoolqj/
Noxzhu Dfdghplf Sxeolvkhuv1
PdfGrqdog/ U1 dqg M Vwhlq +4<<<,/ Htxloleulxp H{fkdqjh Udwhv/
Noxzhu Dfdghplf Sxeolvkhuv1
Sduxror/ S1 +4<<:,/ *Dv|pswrwlf lqihuhqfh rq wkh prylqj dyhudjh lp0
sdfw pdwul{ lq frlqwhjudwhg UE YDU v|vwhpv*1 Hfrqrphwlf Wkhru| 46/
:<044;1
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44 Dsshqgl{ L= Wkh lqwhuyhqwlrq gxpplhv
45 Dsshqgl{ LL= Wkh gdwd
73LGECPI
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Wkh Jhupdq FSL lq ohyhov dqg glhuhqfhv
74LUSCPI
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Wkh orj ri XV FSL lq ohyhov dqg glhuhqfhv
75LDMUSD
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Wkh orj ri vsrw h{fkdqjh udwh ri Jhupdq pn lq grooduv1
76GEBOND
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Wkh Jhupdq prqwko| erqg udwh lq ohyhov dqg glhuhqfhv1
77USBOND
LEVEL



















Wkh XV prqwko| erqg udwh lq ohyhov dqg glhuhqfhv
78GETBILL
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Wkh Jhupdq 6 prqwkv wuhdvxu| eloo udwhv lq ohyhov dqg glhuhqfhv
79USTBILL
LEVEL














Wkh XV wkuhh prqwkv wuhdvxu| eloo udwhv lq ohyhov dqg glhuhqfhv1
7:4514 Dsshqgl{ LLL= Uhfxuvlyh judskv ri wkh vpdoo
prgho
Test of known beta eq. to beta(t)
1 is the 5% significance level












Uhfxuvlyho| fdofxodwhg whvw vwdwlvwlfv +413 fruuhvsrqgv wr wkh 8(
vljqlfdqfh ohyho, iru wkh frqvwdqf| ri wkh frlqwhjudwlrq vsdfh1
7;DDIFPGE





















































Uhfxuvlyho| hvwlpdwhg doskd frh!flhqwv wr wkh uvw frlqwhjudwlqj
uhodwlrq ri Wdeoh 71
7<DDIFPGE


















































Uhfxuvlyho| hvwlpdwhg doskd frh!flhqwv wr wkh vhfrqg frlqwhjudwlqj
uhodwlrq ri Wdeoh 71
834515 Dsshqgl{ LY= Uhfxuvlyh judskv ri wkh elj prgho
Test of known beta eq. to beta(t)
1 is the 5% significance level









Uhfxuvlyho| fdofxodwhg whvw vwdwlvwlfv +413 fruuhvsrqgv wr wkh 8(
vljqlfdqfh ohyho, iru wkh whvw ri d frqvwdqw frlqwhjudwlrq vsdfh1
84DDIFPGE






































































Uhfxuvlyho| fdofxodwhg doskd frh!flhqwv wr wkh uvw frlqwhjudwlrq
yhfwru ri Wdeoh :1
85DDIFPGE





























































Uhfxuvlyho| fdofxodwhg doskd frh!flhqwv wr wkh vhfrqg frlqwhjudwlrq
yhfwru ri Wdeoh :1
86DDIFPGE





































































Uhfxuvlyho| fdofxodwhg doskd frh!flhqwv wr wkh wklug frlqwhjudwlrq
yhfwru ri Wdeoh :1
87